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The  observations  on  the  temperature  of  the  body  during 
ague  fits  are  now  numerous  and.  accordant/  and  may  be 
considered  sufficient  to  indicate  the  general  condition  of  the 
animal  heat  during  the  several  stages  of  ague. 

^ The  following  observations  were  made  at  the  suggestion  of  Dr.  Parkes, 
from  whom,  from  time  to  time,  I have  received  assistance.  Dr.  Parkes 
has  also  supplied  the  entire  literature  in  the  paper,  and  has  kindly 
examined  it  with  care. 

^ Zimmermann  ; Barensprung,  Muller’s  ‘Archiv,’  1852,  p.  217 ; 
Michael,  ‘ Archiv  fiir  Phys.  Heilk.,’  1856,  p.  39;  Wunderlich,  ‘Archiv 
fiir  Phys.  Heilk.,’  1858,  p.  12. 
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The  increase  in  the  amount  of  urea  and  of  chloride  of 
sodium  during  the  cold  and  hot  stages  has  been  affirmed 
by  Traube  and  Jochmann,^  Moos,^  Uedenbacher/  and 
Hammond.'^  These  observations  have  been  criticised,  how- 
ever, and  certainly  some  of  the  cases  were  not  examined 
with  any  great  minuteness.  In  no  case  yet  reported 
either  has  any  comparison  been  drawn  between  the  rise 
in  the  temperature  and  the  amount  of  the  urea  and  chloride 
of  sodium.^  It  therefore  seemed  extremely  desirable,  on 
the  occasion  of  a patient  with  ague  being  admitted  into 
University  College  Hospital,  under  the  care  of  Dr.  Parkes, 
to  examine  the  subject,  and  to  see,  first  of  all,  whether  the 
increase  of  urea  and  of  chloride  of  sodium  really  occur  in 
the  cold  and  hot  stages  of  ague,  as  affirmed  by  Traube, 
Pedenbacher,  and  Hammond  ; and,  secondly,  whether  any 
close  connexion  could  be  traced  between  the  amount  of 
urea  and  the  abnormal  temperature.  My  position  as  one 
of  the  resident  officers  in  the  hospital  at  the  time  gave 
me  the  opportunity  of  carrying  out  the  inquiry  with  all 
the  minuteness  necessary  for  accuracy. 

The  general  results  may  be  thus  stated — that  not  only 
was  the  increase  of  urea  and  of  chloride  of  sodium  constant 
during  the  cold  and  hot  stages  of  ague,  but  that  their 
amount  was  in  very  close  relation  to  the  temperature. 
The  first  case  recorded  in  this  paper  will,  I believe,  give 
little  short  of  mathematical  proof  of  the  connexion  between 
these  two  phenomena,  viz.,  the  increase  of  heat  of  body  and 
of  the  excretion  of  urea  and  chloride  of  sodium. 

The  second  case  communicated  is  one  in  which  the 
phenomena  were  less  carefully  observed,  but  it  is  valuable  as 
affording  another  instance  of  the  increase  of  urea  and 
chloride  of  sodium  during  the  fit. 

^ 'Deutsche  Klinik,’  No.  46,  Nov.,  1855. 

^ Plenle’s  ‘ Zeitschrift  fiir  rat.  Med.,’  Band  vil,  p.  291.  ' 

3 Henle’s  ‘ Zeitschrift,’  Band  ii  (Dritte  Reihe),  p.  384. 

^ 'American  Journal  of  Med.  Science,’  April,  1858. 

5 Some  other  observations  have  been  made  on  the  excretions  of 
twenty-four  hours,  but  these  are  of  little  value  as  febrile  and  non-febrile 
bones  are  put  together. 
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In  addition,  a case  of  hectic  fever  occurring  in  phthisis 
has  been  narrated,  for  in  this  case  the  phenomena  were 
found  to  be  identical  with  those  presented  by  malarial 
ague.  The  result  was  the  same  in  both  cases,  although 
the  causes  were  so  different. 

Case  1.  Quotidian  ague. — The  patient,  a man,  was  first 
attacked  by  tertian  in  August  last,  whilst  working  at 
Maldon,  in  Essex.  The  ague  continued  on  him  for  three 
weeks,  by  which  time  he  was  apparently  cured ; he  re- 
mained working  at  the  same  place  till  the  December  follow- 
ing. At  that  time,  moving  up  to  London,  he  broke  his 
leg,  and  was  carried  to  Charing  Cross  Hospital.  Upon 
being  discharged  from  that  institution,  cured,  he  caught 
cold,  and  an  attack  of  ague  immediately  followed,  and  has 
continued  more  or  less  since,  being  immediately  brought  on 
by  exposure  to  cold.  This  long  continuance  produced  the 
usual  effects  of  prolonged  ague ; and  in  this  state  he  was 
admitted  into  the  hospital,  the  disease  having  changed  a 
day  or  two  previously  from  the  tertian  to  the  quotidian  type. 

He  suffers  from  slight  aortic  obstructive  disease.  His 
pulse  is  continually  about  120  per  minute,^  exceedingly  irre- 
gular in  both  force  and  rhythm.  His  arteries  are  very  tor- 
tuous and  visible.  He  never  suffered  from  rheumatism, 
and  has  no  arcus  senilis.  Except  the  above  heart-disease, 
he  suffers  from  no  organic  lesion. 

He  is  fifty-nine  years  of  age,  but  looks  much  older.  His 
weight  is  144  pounds ; his  height  five  feet  nine  and  three 
quarter  inches.  His  vital  capacity  (Hutchinson^s  spiro- 
meter) is  140  cubic  inches. 

The  examination  was  conducted  in  the  following  manner. 
The  patient  was  put  to  bed,  and  his  urine  collected  through 
the  night.  At  5 a.m.  he  had  breakfast,  consisting  of  two 
eggs,  bread  and  butter,  and  tea,  the  latter  being  measured. 
At  6 a.m.  he  was  made  to  pass  his  urine,  and  all  passed  at 


^ No  tables  are  therefore  given  of  the  pulse. 
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the  time  was  mixed  with  that  passed  during  the  night.  The 
thermometer  (a  good  one,  by  Negretti  and  Zambra,  and 
divided  into  fifths  of  a Fahrenheit  degree)  was  next  placed 
in  his  axilla,  and  kept  there  during  the  remainder  of  the 
day,  the  temperature  being  noted  down  every  quarter  of  an 
hour.  He  was  also  made  to  pass  his  urine  hourly,  or  upon 
the  commencement  of  another  stage,  before  the  completion 
of  the  hour,  and  the  next  hour  was  dated  from  that  time ; 
by  this  means  we  not  only  obtained  the  urine  of  every 
hour,  but  also  of  each  stage,  separately.  The  patient  was 
allowed  no  food  until  the  completion  of  the  fit,  when  he  had 
a good  meat  dinner  and  six  ounces  of  wine.  Lemonade  he 
was  permitted  to  drink  ad  lihitum,  but  the  quantity  was 
always  measured  and  noted,  with  the  time  at  which  it  was 
taken.  He  was  weighed  immediately  after  his  breakfast, 
and  again  at  the  termination  of  the  fit,  and  during  this  time 
no  motions  were  allowed  to  be  passed.  The  patient  was 
purposely  kept  without  medicine.  In  determining  the 
amount  of  urea  and  chloride  of  sodium,  Liebig^s  volumetric 
method  with  nitrate  of  mercury  was  used. 

It  was  not  possible  to  determine  the  other  urinary  con- 
stituents in  this  case.  The  chloride  of  sodium  was  not  got 
rid  of  before  testing  for  urea,  but  the  usual  correction  was 
made. 

The  following  charts  show  the  variations  in  the  tempera- 
ture in  fifths  of  a degree,  as  taken  every  quarter  of  an  hour. 
Above  the  table  are  two  columns,  one  showing  the  amount 
of  urea,  the  other  the  amount  of  chloride  of  sodium,  poured 
out.  The  quantity  per  hour  is  stated  in  each  case,  and  put 
down  in  the  column  denoting  the  time  at  whick  it  was 
passed.  It  indicates,  of  course,  the  quantity  formed  during 
the  previous  hour.  The  amounts  of  urea  and  chloride  of 
sodium  are  given  always  in  French  grammes,  and  the  water 
in  cubic  centimetres.  The  commencement  of  each  stage,  as 
judged  of  in  the  usual  way,  by  the  sensations  of  the  patient, 
is  also  noted  in  the  column  proper  to  the  time  at  which  it 
began. 

For  the  purpose  of  greater  clearness  and  of  giving  fuller 
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details,  tables  are  added,  recapitulating  the  amount  of 
the  urea,  chloride  of  sodium,  and  water,  separately.  In 
the  first  column  of  each  table  the  stages  are  written  down ; 
in  the  next  the  hour  at  which  the  urine  was  passed ; then 
follows  the  total  amount  of  urea  contained  in  the  urine 
passed  during  the  specified  time;  the  next  column  shows 
the  amount  reduced  to  hours ; and,  lastly,  the  average 
amount  of  each  stage  per  hour  is  given. 

Table. 

April  6th. — UREA. 


Stage. 

Hour. 

Total  Quantity 
in  this  time. 

Quantity  per 
hour. 

Average  Quantity 
per  hour  diming 
period. 

Grammes. 

Grammes. 

Grammes. 

Cold  

7*45  to  8-30  a.m. 

1*356 

1*695 

1*695 

Hot  

8 30  to  9 30  a.m. 

1*984 

1*984 

9*30  to  10‘30  a.m. 

2*088 

2*088 

. 1*964 

10’30  to  11  a.m. 

0*910 

1*820 

Sweating  

11  to  12  a.m. 

1*289 

1*289 

I 

12  to  1 p.m. 

1*620 

1*620 

1 to  2 p.m. 

0*993 

0*993 

)>  1*363 

2 to  3 p.m. 

0*848 

0*848 

3 to  4 p.m. 

2*057 

2*057 

) 

CHLORIDE  OF  SODIUM. 

Cold  

7’45  to  8-30  a.m. 

0*108 

0*135 

0*135 

Hot  

8'30  to  9 30  a.m. 

0*216 

0 216 

9*30  to  10  30  a.m. 

0*270 

0*270 

1 0*220 

10‘30  to  11  a.m. 

0*065 

0*130 

Sweating  

11  to  12  a.m. 

0*106 

0*106 

12  to  1 p.m. 

0*162 

0*162 

1 to  2 p.m. 

0*064 

0*064 

;>  0*108 

2 to  3 p.m. 

0*063 

0*063 

3 to  4 p.m. 

0 145 

0*145 

} 

WATER. 

1 

Cold  

7 45  to  8‘30  a.m. 

75  c.c. 

8‘30  to  9'30  a.m. 

80  c.c. 

Hot  

9'30  to  10  30  a.m. 

90  c.c. 

10*30  to  11  a.m. 

82  c.c. 

Sweating  

11  to  12  a.m. 

59  c.c. 

12  to  1 p.m. 

90  c.c. 

1 to  2 p.m. 

54  c.c. 

2 to  3 p.m. 

53  c.c. 

.3  t n 4 m 

1 r-  r. 
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April  7th. — UREA. 


Stage. 

IIOIU’. 

Total  Quantity 
in  tliis  time. 

Quantity  per 
hour. 

During  night... 

3 p.m.  to  5-30  a.m. 

Grammes. 

10-272 

Grammes. 
0 684 

Period  imniedi- 

5-30  to  7 a.ra. 

0-999 

0-666 

ately  before 
shivering 

7 to  8 a.m. 

1-361 

1-361 

Cold  

8 to  8-30  a.m. 

1-088 

2-176 

Hot  

8-30  to  10-30  a.m. 

2-575 

1-287 

Sweating  

11  to  12  a.m. 

0-838 

0-838 

12  to  1 p.m. 

1-222 

1-222 

1 to  3 p.m. 

2-240 

1-120 

3 to  5 p.m. 

1-311 

0-655 

CHLORIDE  OF  SODIUM. 


During  night ... 

3 p.m.  to  5.30  a.m. 

0-642 

0-029 

Period  before 

5-30  to  7 a.m. 

0-440 

0-29 

shivering 

7 to  8 a.m. 

0-384 

0-384 

Cold  

8 to  8-30  a.m. 

0-306 

0-612 

Hot  

8-30  to  10-30  a.m. 

0-375 

0-187 

11  to  12  a.m. 

0-049 

0-049 

1 2 to  1 p.m. 

0-075 

0-075 

1 to  3 p.m. 

0-120 

0-060 

3 to  5 p.m. 

0-034 

0-017 

QUANTITY  OF  URINE  PASSED. 


Average  Quantity 
per  liour  dm’ing 
period. 


Grammes 

0- 684 
0-666 

1- 361 

2- 176 
1-287 


y 0-935 


0-029 

0-29 

0-384 

0-612 

0-187 


^ 0-064 


3 p.m.  to  5-30  a.m. 

36  c.c. 

Before  shivering 

5-30  to  7 a.m. 

25  c.c. 

7 to  8 a.m. 

80  c.c. 

Cold  

8 to  8-30  a.m. 

136  c.c. 

Hot  

8-30  to  10-30  a.m. 

62  c.c. 

11  to  12  a.m. 

33  c.c. 

12  to  1 p.m. 

50  c.c. 

1 to  3 p.m. 

50  c.c. 

3 to  5 p.m. 

28  c.c. 

April  8th. — UREA. 


0- 654 

1- 425 
1-478 
1-926 
3-474 

0- 644 

1- 378 

0- 044 
0-102 

1- 220 


Period  immedi- 

5 p.m.  to  6-30  a.m. 

8-832 

ately  before 

6-30  to  7-30  a.m. 

1-425 

shivering 

7-30  to  8 a.m. 

0-738 

Cold  

8 to  9 a.m. 

1-926 

9 to  915  a.m. 

0-868 

Hot  

9-15  to  10-15  a.m. 

0-644 

10-15  to  11-15  a.m. 

1-378 

Sweating  

11-15  to  12-15  p.m. 

0-044 

12-15  to  1-15  p.m. 

0-102 

1-15  to  2-45  p.m. 

1-830 

0-654 
I 1-452 

I 2-700 

I 1-011 

I 0-498 
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CHLORIDE  OF  SODIUM. 


Stage. 

Hour. 

Total  Quantity 
in  this  time. 

Quantity  per 
hour. 

Night  

5 p.m.to  6-30  a.ni. 

Grammes. 

0 576 

Grammes. 

0-021 

Before  fit  

6-30  to  7-30  a.m. 

0-064 

0 064 

7-30  to  8 a.m. 

0-063 

0-162 

Cold  

8 to  9 a.m. 

0-309 

0-309 

9 to  9-15  a.m. 

0-167 

0-670 

Hot  

9-15  to  1015  a.m. 

0-070 

0-070 

10-15  to  11-15  a.m. 

0-111 

0-111 

11-15  to  12-15  p.m. 

0-019 

0-019 

12-15  to  1-15  p.m. 

0-045 

0-045 

1-15  to  2-45  p.m. 

0 045 

0-030 

QUANTITY  OF  URINE  PASSED. 


Night 

5 p.m.  to  6'30  a.m. 

42  c.c. 

Before  fit  

6-30  to  7-30  a.m. 

54  c.c. 

7-30  to  8 a.m. 

60  c.c. 

Cold  

8 to  9 a.m. 

86  c.c. 

9 to  9-15  a.m. 

172  c.c. 

Hot  

9-15  to  10-15  a.m. 

26  c.c. 

10-15  to  11-15  a.m. 

52  c.c. 

1 1-15  to  12-15  p.m. 

13  c.c. 

12-15  to  1-15  p.m. 

38  c.c. 

1-15  to  2-45  p.m. 

50  c.c. 

April 

9th. — UREA. 

Immediately  be- 

6-15  to  7-15  a.m. 

0-927 

0-927 

fore  shivering.. 

7-15  to  8 a.m. 

1-081 

1-351 

Cold  

8 to  9 a.m. 

1-089 

1-089 

Hot  

9 to  10  a.m. 

2-152 

2-152 

10  to  11  a.m. 

1-268 

1-268 

Sweating  

11  to  1 p.m. 

2-164 

1-032 

1 to  3 p.m. 

2-353 

1-076 

CHLORIDE  OF  SODIUM. 


Before  fit  

i 6-15  to  7-15  a.m. 

0-063 

0-063 

7-15  to  8 a.m. 

0-124 

0-155 

Cold  

8 to  9 a.m. 

0-231 

0-231 

Hot  

9 to  10  a.m. 

0-561 

0-561 

10  to  11  a.m. 

0-140 

0-140 

Sweating  

11  to  1 p.m. 

0T84 

0-092 

1 to  3 p.m. 

0-127 

0-063 

QUANTITY  OF  URINE  PASSED. 

Before  fit  

6-15  to  7-15  a.m. 

35  c.c« 

7-15  to  8 a.m. 

61  c.c. 

Cold  

8 to  9 a.m. 

55  c.c. 

9 to  10  a.m. 

117  c.c. 

10  to  11  a.m. 

52  c.c. 

11  to  1 p.m. 

44  c.c. 

1 to  3 p.m. 

53  c.c.  ' 

1 

Average  Quantity 
IJcr  horn-  diu'ing' 
period. 


Grammes. 

0-021 

^ 0-095 
- 0-381 
. 0-090 

» 0-027 


0- 927 

1- 351 
1-089 

I 1-710 
I 1-129 


0-063 

0-155 

0-231 

0-351 

0-078 


I 

} 
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April  10th. — UREA. 


Stage. 

Hour. 

• 

Total  Quantity 
in  tliis  time. 

Quantity  per 
hour. 

Average  Quantity 
per  hour  dui'iiig 
period. 

Grammes. 

Grammes. 

Grammes. 

Before  fit  ...... 

6-30  to  8’15  a.m. 

1*420 

0*885 

0*885 

Cold  

8‘15  to  9‘15  a.m. 

0*558 

0*558 

0*558 

Hot  

9’15  to  10’15  a.m. 

1*144 

1*144 

1 . m Q 

10’15  to  11'15  a.m. 

0*883 

0*883 

> 1 u io 

Sweating  

11*15  to  2*15  p.m. 

0*532 

0*177 

0*177 

CHLORIDE  or  SODIUM. 

Before  fit  

6*30  to  8*15  a.m. 

0*140 

0*087 

0*087 

8*15  to  9*15  a.m. 

Urine 

lost. 

Hot  

9*15  to  10*15  a.m. 

0*176 

0*176 

1 n.i  A f; 

1 0*15  to  11*15  a.m. 

0*115 

0*115 

> U 1^0 

Sweating  

11*15  to  2*15  p.m. 

0*070 

0*032 

0*032 

QUANTITY  OF  URINE  PASSED. 

Before  fit  

6*30  to  8*15  a.m. 

50  c.c. 

Cold  

8*15  to  9*15  a.m. 

20  c.c. 

Hot  

9*15  to  10*15  a.m. 

44  c.c. 

10*15  to  11*15  a.m. 

32  c.c. 

11*15  to  2*15  p.m. 

22  c.c. 

April  11th. — UREA. 

During  night ... 

2*15  p.m.  to  6 a.m. 

9*785 

0*609 

0*609 

6 to  7*30  a.m. 

0-921 

0*614 

0*614 

Immediately 

before  fit  ... 

7*30  to  8 a.m. 

0*962 

1*924 

1*924 

Cold  

8 to  9 a.m. 

1*113 

1*113 

-■1 

9 to  10  a.m. 

1*839 

1*839 

j-  1*476 

Hot  

10  to  1 1 a.m. 

0*868 

0-868 

0*868 

Sweating  

11  to  1 p.m. 

2 090 

1*045 

1 to  2 p.m. 

1*356 

1*356 

1 1*147 

2 to  4 p.m. 

2-090 

1*040 

CHLORIDE  OF  SODIUM. 

2*15  p.m.  to  6 a.m. 

0*139 

0*087 

0*087 

6 to  7*30  a.m. 

0*115 

0*076 

0*076 

Before  fit  

7*30  to  8 a.m. 

0*355 

0*355 

0*355 

Cold  

8 to  9 a.m. 

0*248 

0-248 

1 0*306 

9 to  10  a.m. 

0*364 

0*364 

Hot  

10  to  11  a.m. 

0*111 

0*111 

0*111 

Sweating  

11  to  1 p.m. 

0*114 

0*057 

1 

1 to  2 p.m. 

0*136 

0*136 

y 0*097 

2 to  4 p.m. 

0*119 

0*099 

J 
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QUANTITY  OF  URINE  PASSED. 


Stage. 

Hour. 

Total  Quantity 
in  this  time. 

Night  

2-15  p.m.  to  6 a.m. 

6 to  7*30  a.m. 

24  c.c. 

Before  fit  

7*30  to  8 a.m. 

74  c.c. 

Cold  

8 to  9 a.m. 

64  c.c. 

9 to  10  a.m. 

76  c.c. 

Hot  

10  to  11  a.m. 

31  c.c. 

11  to  1 p.m. 

38  c.c. 

1 to  2 p.m. 

57  c.c. 

2 to  4 p.m. 

95  c.c. 

Conclusions  from  the  previous  Facts. 

I.  Temperature. 

The  temperature  during  the  several  fits,  amid  much 
general  resemblance,  presented  numerous  partial  differences, 
all  of  which  are,  however,  reducible  to  order. 

(a)  In  every  case,  the  temperature  commenced  to  rise 
previous  to  the  cold  stage,^  as  experienced  by  the  patient,  that 
is  to  say,  before  any  feeling  of  cold  or  illness  of  any  kind. 
The  time  that  it  commenced,  previous  to  the  cold  stage,  varied 
from  an  hour  and  a half  to  three  quarters  of  an  hour,  and 
no  connexion  between  the  time  and  the  severity  of  the  fit 
could  be  traced.  The  temperature  commenced  to  rise — 


April  6th. . hour  before  any  feeling  of  cold  or  illness. 


99 

7th. 

.1 

99 

99 

8th. 

95 

99 

9th. 

.li 

99 

99 

10th. 

.H 

99 

99 

11th. 

3 

• 4 

99 

99 


91 


A close  connexion  between  the  severity  of  the  fit  and 
the  character  of  the  rise  before  the  cold  stage  existed,  the 
severity  being  in  proportion  to  the  continuousness  of  the  rise, 
and  also  to  the  extent  of  each  rise.  As  the  fit  became  less 
severe,  the  temperature  had  a tendency  either  to  oscillate, 
rise  slowly,  or  remain  stationary,  and  these  tendencies 


^ The  same  fact  is  noted  by  Michael,  op.  cit.,  p.  43, 

24 


XLII. 


10 
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increased  as  the  fit  decreased  in  severity,  and  eventually  all 
combined. 

(/>)  During  the  cold  stage  the  temperature  rose  through- 
out, the  rise  being  greater  than  during  any  other  period  ; 
but  here  also  great  variations  existed,  having  their  counter- 
part in  variations  in  the  severity  of  the  fit. 

Thus,  in  the  cold  stage,  the  temperature  rises  continuously 
when  the  fit  is  severe ; then,  as  the  severity  lessens,  there  is 
a tendency  for  the  rise  at  the  termination  of  the  cold  stage  to 
fiag,  and  eventually  to  become  stationary ; then  the  range  of 
each  rise  becomes  less;  and  lastly,  it  oscillates.  It  also  appears 
that  the  alteration  first  alFects  the  commencement  and 
termination  of  the  cold  stage,  an  oscillation  in  its  middle  in- 
dicating a greater  diminution  of  the  severity  of  the  fit  than 
at  either  end. 

There  was  no  connexion  between  the  duration  of  the 
stage  and  the  severity  of  the  fit,  as  measured  by  the  tem- 
perature. Thus,  it  lasted — 


On  the  6th 
„ 7th, 
,,  8th. 
„ 9th. 
„ 10th. 

„ 11th. 


I hour. 

S 

4 99 


3. 

4 >9 


1 

2 


99 

hours. 


The  fits  were  most  severe  on  the  6th  and  7th,  and  declined 
in  severity  till  the  11th,  when  the  fit  was  again  more  severe. 

(c)  During  the  hot  stage  the  temperature  continued  to  rise, 
and  in  its  early  part  closely  corresponded  to  the  former  periods. 

From  a careful  examination  of  the  charts,  it  appears  that 
in  the  severer  cases  the  temperature  in  the  hot  stage  ran  up 
at  once  to  its  acme,  and  had  a tendency  to  remain  perma- 
nent ; the  permanency  not,  however,  being  obtained  at 
once  nor  retained  throughout,  the  temperature  oscillating 
both  at  the  commencement  and  termination.  In  less 
severe  cases  it  ran  up  slowly,  and  did  not  remain  stationary, 
and  when  least  severe,  oscillated  in  its  rise. 

The  temperature  in  those  fits  becoming  less  severe  first  lost 
its  permanency,  and  next  the  temperature  rose  to  a less  extent 


11 

URINARY  EXCRETIONS  IN  AGUE.  371 

and  again  became  permanent;  tlien^  when  they  became  still 
less  severe^  it  rose  to  the  same  extent,  but  again  lost  its  per- 
manency. Again,  in  those  cases  where  the  temperature  re- 
mained permanent,  the  hot  stage  ended  at  the  termination 
of  the  permanent  period  in  an  oscillation,  these  cases  being 
the  severest  at  their  own  temperature.  In  all  other  cases 
the  temperature  fell  before  the  sw^eating  stage  commenced, 
ending  in  an  oscillation,  and  the  less  severe  the  fit  the 
greater  w^as  the  portion  of  the  hot  stage  occupied  by  the  fall 
of  the  temperature.  Also  the  fit  was  less  severe,  and  the 
fall  greater,  when  the  temperature  in  falling  every  now  and 
then  stood  still  for  some  time,  and  was  still  less  severe  when 
it  oscillated. 

{d)  The  temperature  continued  to  fall  through  the  sweating 
stage,  and  was  often  a long  time  before  it  reached  the  point 
from  which  it  started.  The  temperature  fell  most  rapidly 
in  those  cases  in  which  the  oscillations  occurred,  and 
least  rapidly  where  the  fall  was  continuous.  Towards 
the  termination  of  the  sweating  stage  a rise  occurred 
to  a slight  extent  (perhaps  followed  by  oscillations)  in  four  of 
the  six  fits.  Thus,  on  April  6th,  sweating  commenced  at 
11‘15,  when  the  thermometer  marked  103s°;  at  2T5  the 
temperature  had  fallen  to  100° ; it  then  rose  to  101°  at 
2'30,  to  101  at  2'45 ; then  fell  to  100|-°  and  100°  at 
3 and  3T5  ; then  rose  to  100|-°  at  3*30,  and  then  finally  fell 
regularly  to  97f°,  a point  not  reached  till  seven  o^ clock. 
The  charts  show,  at  a glance,  these  slight  but  perfectly 
definite  rises  at  this  late  period  of  the  sweating  stage. 

II.  Urea. 

As  the  type  of  the  disease  in  this  man  was  quotidian, 
there  was  no  opportunity  of  comparing  the  amount  of  urea 
on  a fever  and  on  a fever-free  day.  But  the  amount  of 
urea  passed  in  the  fever-free  hours  was  decidedly  much 
smaller  than  might  have  been  anticipated.  He  excreted 
only  0*650  grm.  on  an  average  per  hour  in  the  apyrectic 
period,  which  would  give  in  twenty-four  hours  15*600  grms., 
had  the  excretion  remained  at  the  same  amount  during 
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the  whole  clay.  Now,  a man  of  the  same  weight,  be- 
tween twenty  and  forty  years  of  age,  on  a good  diet,  as  this 
man  was,  would  have  secreted  32  grms.  in  the  twenty-four 
hours,  if  he  passed  the  average  amount.  Our  patient  was, 
however,  older  (fifty-nine),  and  would,  no  doubt,  form  less 
urea  than  a man  at  a more-  vigorous  period  of  life.  But 
it  can  hardly  be  supposed  that  the  amount  would  be 
reduced  so  low  as  15 1 grms.  in  the  twenty-four  hours  by 
this  difference  of  age.  It  may,  therefore,  be  concluded 
that,  in  accordance  with  Bedenbacher^s  observations,  the 
excretion  of  urea  in  the  fever-free  period  was  below  the 
healthy  amount. 

The  observations  made  by  Traube,  Bedenbacher,  and 
Hammond  on  the  increase  of  urea  during  the  cold  and 
hot  stages  are  entirely  confirmed  by  this  case,  but  a more 
minute  statement  of  the  kind  and  amount  of  the  increase 
can  now  be  given. 

It  must,  however,  be  premised,  that  the  only  obvious 
causes  of  the  increase  of  the  urea  in  this  case  during  the  fit 
are,  either  the  food  taken  at  breakfast  at  5 a.m.,  the  fluid 
drunk  during  the  fit,  or  the  fit  itself.  No  other  known  causes 
existed  which  could  have  had  the  effect  of  increasing  the  urea. 
The  following  objections  to  the  idea  of  the  food  being  the 
cause  may  be  urged.  That  the  amount  of  food  was  not 
great,  and  that  the  increase  in  the  urea  was  far  larger  than 
has  yet  been  noted  after  even  the  heaviest  meal.  For  ex- 
ample, on  the  7th,  the  amount  per  hour  rose  from  0*684  grm. 
to  2*176,  being  an  increase  of  more  than  200  per  cent.; 
on  the  8th,  from  0*654  to  3*474,  being  an  increase  of 
nearly  500  per  cent.  ; on  the  9th  and  10th,  when  the 
fits  were  slighter,  the  increase  was  less  marked,  though 
still  considerable;  while  on  the  11th,  when  the  fit  was 
severe,  it  was  again  200  per  cent.  Such  an  amount  is 
greater  than  has  yet  been  found  after  an  ordinary  amount  of 
food.^  The  time,  however,  at  which  the  urea  increases 
after  food  accords  with  our  case ; for,  augmenting  even 

‘ Dr.  Parkes  has  noted  in  one  person  without  fever  a rise  from  0 665 
grm.  in  a fasting  hour  to  1 *554  grm,  in  a food  hour,  but  this  was  after 
a hearty  dinner. 
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during  tlie  first  hour  after  food,^  it  attains  its  maximum 
sometimes  in  the  third  hour  sometimes,  however,  not  till 
the  seventh  hour ; usually,  however,  it  readies  its  maximum 
at  the  fourth  hour. 

Now,  in  this  case  food  was  taken  between  5 and  6 a.m., 
and  the  maximum  amount  of  urea  secreted  was  during  the 
cold  stage,  from  8 to  9‘30  a.m.,  or  in  the  fourth  and  fifth 
hours.  But  it  will  probably  be  conceded,  after  it  has  been 
shown  how  closely  the  amount  of  the  urea  was  associated 
with  the  variation  in  the  temperature,  that  its  increase  in 
the  fourth  and  fifth  hours  after  food  was  merely  a coinci- 
dence, and  was  not  owing  to  the  very  moderate  breakfast, 
but  to  the  fact  of  the  highest  temperature  occurring  at  this 
time.  Oil  one  daj^,  moreover,  he  took  no  food,  having  no 
appetite,  and  on  this  day  the  usual  increase  occurred. 
Again,  after  the  fits  were  stopped  by  tlie  quinine,  the  food 
was  given  him  as  usual,  and  the  urine  being  collected  on 
the  same  day,  in  the  same  way,  comparatively  little  rise 
took  place  in  the  urea.  These  two  last  points,  I conceive, 
set  the  question  quite  at  rest. 

With  respect  to  the  amount  of  fluid  drunk,  this  could 
have  no  effect  on  the  urea,  as  very  little  fluid  was  taken  till 
after  the  time  when  the  urea  had  commenced  to  rise.  The 
urea,  moreover,  reached  its  maximum  often  at  the  termina- 
tion of  the  cold  stage,  whilst  he  seldom  drank  anything  be- 
tween his  breakfast  and  the  hot  stage.  I believe,  then,  that 
I am  justified  in  concluding  that  the  rise  in  the  amount  of 
urea  was  not  owing  either  to  food  or  liquid.  It  must,  there- 
fore, have  been  owing  to  the  fit. 

The  urea  begins  to  increase  in  amount  before  the  cold 
stage,  as  judged  of  by  the  first  feeling  of  shivering,  in  four 
of  the  five  fits.  Thus,  it  rose — 

On  the  7th,  from  0 666  to  1'361  per  hour. 

„ 8th,  from  0 654  to  1’4*25  ,, 

„ 9th,  from  0 927  to  1'351  „ 

,,  11th,  from  0*614  to  1*924  „ 

^ Voit,  quoted  by  Meissner,  “Report  on  Phys.  for  1857,”  in  Henle’s 
‘ Zeltschrift,’  p.  352. 

’ Becker,  Henle’s  ‘Zeltschrift,’  1855,  p.  549. 
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Tlie  time  it  commenced  to  rise  before  the  subjective  fit 
varied.  Thus — 

On  the  7th.  ...  f hour  before. 

„ 8th 1|  „ 

„ 9th. ...  If  „ 

„ 11th I 

It  often  began  to  increase,  indeed,  even  before  the  tem- 
perature began  to  rise.  Thus,  as  the  temperature  on  the 
7th  rose  before  tlie  fit  | of  an  hour,  on  the  8th  1^,  on  the 
9th  i,  the  urea  on  those  da^^s  commenced  to  rise  previous 
to  any  similar  change  in  the  temperature. 

Great  apparent  irregularity  existed  in  the  rise  of  urea, 
but  a close  correspondence  is  observed  between  these  varia- 
tions and  similar  ones  in  the  temperature. 

The  alteration  in  the  above  case  of  urea  and  the  tempe- 
rature did  not  always  exactly  agree  in  time,  though  this 
was  the  rule,  but  sometimes  the  alteration  in  the  tempera- 
ture did  not  occur  till  after  the  alteration  in  the  urea ; the 
reverse  never  happened. 

The  quantity  of  urea  continued  to  increase,  and  reached 
its  highest  point  either  at  the  termination  of  the  cold  stage, 
as  on  the  8th  and  11th,  or  at  the  commencement  of  the 
hot,  as  on  the  6th,  9th,  10th,  and  12th.  It  then  began  to 
fall  in  quantity,  slowly  at  first.  On  the  6th  and  10th  the 
temperature  and  urea  commenced  to  fall  simultaneously. 
On  the  7th,  8th,  9th,  and  11th,  the  temperature  continued  to 
rise,  notwithstanding  the  fall  in  the  urea.  Up  to  the  period 
when  the  urea  commenced  to  decrease,  the  temperature  rose 
rapidly,  each  rise  being  extensive,  but  after  that,  at  the 
point  where  the  urea  commenced  to  fall,  the  temperature 
either  oscillated,  or  every  rise  remained  stationary  for 
a short  time,  the  rise  being  always  slow  and  by  small 
additions. 

The  urea  continued  to  fall  slowly  from  the  end  of  the 
cold,  or  from  the  commencement  of  the  hot  stage,  till  the 
sweating  stage  began  ; and  the  temperature  corresponding 
in  time  to  the  latter  part  of  this  slow  decrease,  after  reach- 
ing; its  height,  fell  also  slowly  and  slightly. 
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From  the  following  table  it  appears  that  no  close  cor- 
respondence existed  between  the  fall  in  the  temperature 
towards  the  close  of  the  hot  stage  and  the  decrease  in  the 
amount  of  urea. 


Date. 

Fall  iu  Urea. 

Fall  ill  Tempe- 
rature in  same 
time. 

Temperature 

oscillated. 

Teiulency  to 
be  stationary. 

Temperature 
fell  eontinu- 
ously. 

Fall  of  Urea 
reduced  to 
quantity  for 
1®  Faiir. 

6 th 

0268 

1° 

S 

— 

1-346 

7 th 

0-830 

1 .3° 

— 

0-533 

8 th 

1-452 

2° 

3 

— • 

... 

9th 

0-884 

1° 

— 

0-884 

lOth 

0-261 

r 

— 

0-435 

11th 

1-000 

2f 

— 

0-357 

In  the  first  column  the  date  is  given ; in  the  second  the 
fall  in  the  amount  of  urea,  corresponding  in  time  to  the  fall 
in  the  temperature,  from  its  highest  point  to  the  commence- 
ment of  the  sweating  stage,  is  given ; next,  the  number  of 
degrees  the  temperature  fell  in  the  same  time ; then,  in 
three  columns,  the  character  of  the  fall  is  given  ; and  in  the 
last  column  the  fall  in  the  amount  of  urea  is  reduced  to 
the  quantity  corresponding  to  each  degree.  But  though 
there  is  no  intimate  connexion,  still  the  greater  the  fall  in 
the  temperature  the  greater  is  the  decrease  in  the  quantity 
of  urea.  At  the  same  time  the  character  of  the  fall 
varied  ; thus,  sometimes  the  temperature  showed  a tendency 
to  remain  stationary,  then  the  urea  fell  but  little,  as  on  the 
6th  and  10th.  On  other  days  the  temperature  fell  gradu- 
ally, and  then  the  fall  in  urea  rather  increased.  The 
greatest  fall  occurred  on  those  days  when  the  temperature 
oscillated  greatly.  Thus,  the  least  decrease  in  urea  corre- 
sponded to  that  temperature  which  has  a tendency  to  remain 
stationary,  more  when  it  fell  slowly  but  continuously,  and 
much  the  most  when  it  oscillated,  as  on  the  11th;  and  it  is 
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possible  to  judge  of  the  rapidity  of  the  decrease  of  the  urea 
by  the  character  of  the  temperature. 

The  temperature  has  been  shown  to  fall  either  at  the 
close  of  the  hot  or  the  commencement  of  the  sweating 
stage.  A similai’  fall  occurred  in  the  urea^  and  the  amount 
of  the  decrease  of  urea  corresponded  to  the  length  of  the 
oscillation,  and  the  subsequent  rise  in  the  urea  corre- 
sponded to  the  rise  in  the  oscillation,  though  the  whole 
oscillation  always  occurred  in  an  hour  previous  to  that  in 
which  the  subsequent  rise  in  the  urea  occurred. 


Date. 

Fall  in 

Temperature. 

Fall  in  Urea. 

Rise  in 
Temperatui-e. 

Rise  in  Urea. 

^ 1-820  ] 

" 1-289 

6 th 

1 30 

< 

to 

1 30 

•< 

to 

1-289 

1-620 

1-287  ] 

^ 0-838 

7th 

1° 

« 

to 

1° 

« 

to 

0-838 

1-222 

3-474  1 

f 0-644 

8th 

j,o 

to 

► 

40 

3 

« 

to 

0-644 

1-378 

f 1-839  1 

1-045 

nth 

IJO 

to 

► 

|0 

3 

•< 

to 

1-045  j 

L 1-356 

A slight  rise,  however,  took  place  at  the  same  period, 
even  when  the  temperature  remained  permanent,  but  then 
the  increase  was  small  in  amount. 

On  the  9th,  the  temperature  fell,  but  did  not  oscillate ; 
the  fall  in  the  urea  was  not  so  great  as  when  the  tempera- 
ture oscillated. 

A relationship  in  the  latter  part  of  the  sweating  stage 
between  the  variation  in  the  urea  and  temperature  existed, 
corresponding  to  what  is  stated  above.  Thus,  on  the  6th, 
after  the  usual  oscillation,  the  temperature  had  a tendency 
to  fall,  and  then  to  remain  stationary  for  some  time,  and 
again  to  fall  and  remain  a second  time  statiouarv.  During 
this  time  the  urea  fell  in  quantity  slowly.  The  tempera- 
ture then  took  a great  fall,  and  oscillated  greatly,  and  at 
the  same  time  the  fall  in  urea  was  very  great. 
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On  the  7th  the  temperature  fell  slowly,  and  often  re- 
mained stationary;  at  the  same  time  the  urea  fell  slowly, 
and,  like  the  temperature,  did  not  reach  the  normal  amount 
till  late  in  the  afternoon, 

The  same  close  correspondence  exists  between  the  other 
cases. 

In  order  to.test  still  further  the  relationship  between  the 
urea  and  the  temperature,  the  following  method  was  adopted. 
The  total  amounts  of  urea  excreted  during  the  fit,  the 
quantity  excreted  during  the  rise  and  fall  of  temperature, 
diu’ing  the  period  immediately  before  the  fit,  and  during 
the  cold  and  hot  stages,  respectively,  have  been  added  up 
and  divided  by  the  number  of  degrees  the  temperature  rose 
or  fell  in  the  corresponding  periods.  By  this  means  the 
amounts  of  the  urea  secreted  during  the  whole  and  each  of 
the  divisions  of  the  fit  were  reduced  to  a common  standard, 
and  could  thus  be  compared  more  easily  with  one  another. 


Table^  to  show  the  amount  of  Urea  corresponding  to  each 
degree  of  Fahrenheit  of  abnormal  heat. 


Date. 

Entire  fit.  Tlie 
amount  of  m-ea  for 
each  degree  of 
abnormal  lieat. 

Rise  in  the 
temperature  taken, 
and  the  amount  of 
lu-eato  each  degree- 

Rail  in  the 
temperatiu’e  and 
the  urea  to  each 
degree. 

The  quantity  of  urea 
to  each  degree 
of  the  temperatui’e 
before  the  fit. 

The  same  in 
the  cold  stage- 

The  same  in 
the  hot  stage. 

' 6th 

1-557 

0-626 

0-930 

. . 

0-339 

3-560 

7th 

1-413 

0-615 

0-798 

0-972 

0-391 

1-609 

j 8 th 

1-508 

0-903 

0-722 

2-163 

0-735 

1-444 

1 9tli 

1 460 

0-675 

0-710 

0-566 

0-246 

2-793 

0th 

1-298 

0-718 

0-746 

0-657 

0-617 

1-381 

11th 

1-781 

0-712 

1-280 

0-601 

0 590 

0-868 

^ In  this  table  each  of  the  quantities  of  urea  correspond  to  1°  of  tempe- 
rature. In  the  first  column  the  date  is  given ; in  the  second,  the  whole 
amount  of  urea  passed  during  the  entire  fit  (the  fit  being  considered  to 
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On  comparing  the  different  days,  the  closest  correspond- 
ence existed  when  the  whole  fit  was  taken.  The  extreme 
in  column  two  being  taken,  the  difference  only  amounted  to 
one  fifth  of  a degree.  The  rise  and  fall  also  closely  corre- 
sponded. The  extreme  again  being  taken,  a difference 
amounting  to  one  third  of  a degree  was  found. 

As  the  duration  of  the  fit  might  have  varied  greatly,  and 
so  the  above  mode  of  comparison  of  the  different  days  one 
with  the  other  have  been  invalidated,  the  following  tables 
have  been  worked  out. 

The  first  shows  the  duration  of  the  fit  on  each  dav. 

«> 


6th 


7th 8 

8th 8|- 

9 th 7f 

10th 8i 

11th 7^ 


hours’  duration. 

55 

55 

55 

55 

55 


commence  with  the  rise  of  the  temperature  and  the  increase  of  tlie  urea 
and  chloride  of  sodium).  In  the  third  column  the  rise  (in  the  tempera- 
ture) only  is  taken,  and  when  the  temperature  remained  stationary  at  its 
highest  point  for  some  time  the  time  of  the  rise  is  calculated  up  to  the 
middle  of  the  stationary  part.  In  the  next  column  the  fall,  calculated 
in  the  same  way,  is  given.  Then  the  cold  and  hot  stages  are  given 
separately. 

The  amount  of  urea  varied  in  this  patient ; for  the  night  urine  varied 
on  one  day  greatly  from  the  quantity  passed  during  a similar  period  on 
other  nights.  This  day,  the  9th  (the  urine  of  the  night  before  not  having 
been  saved),  the  amount  of  urea  corresponding  to  each  degree  was  greatly 
in  excess  ; but  on  assuming  that  the  quantity  passed  during  the  first  hour 
0‘900  grin.)  was  the  quantity  normal  to  him  for  that  day,  and  so  de- 
ducting the  excess,  a close  correspondence  to  the  other  days  resulted. 
Thus,  when  the  whole  amount  of  urea  was  calculated  as  it  stood,  to  each 
degree  2 043  grins,  were  found  to  correspond;  but  when  the  additional 
300  grins,  were  deducted,  then  the  quantity  per  degree  was  r460 ; and 
throughout  all  the  different  comparisons  it  will  be  then  found  closely  to 
agree.  On  the  10th,  again,  the  normal  excretion  was  below  par  (0170 
grm.  per  hour),  which  also  prevented  any  comparisons  from  being  made. 
When  this  was  raised  to  0 600  grm.,  then  a much  closer  correspondence 
to  the  other  days  was  found. 
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Another  calculation  must  now  be  made.  On  three 
days  the  urine  was  collected  through  the  previous  night ; 
taking  that  hourly  amount,  and  assuming  that  to  be  the 
amount  normal  to  the  man  through  that  day,  if  there  had 
been  no  disturbing  influences,  and  deducting  that  quantity 
from  the  quantity  passed  hourly  through  the  fit,  the  in- 
crease only  is  obtained,  and  this  divided  by  the  number  of 
degrees  the  temperature  rose,  the  comparison  is  then  found 
to  be  very  close. 


April  7 th 


8 th 
11th 


0 638  urea  to  each  degree  of  abnormal  heat. 


0-618 

0-624 


3? 


>> 


If  this  table  be  compared  with  the  former  one,  the  com- 
parison will  be  found  to  be  even  much  closer.  Unfortu- 
natel}^,  the  amount  during  the  night  was  not  determined 
except  on  these  three  days,  so  that  this  mode  of  calculation 
is  not  applicable  to  all  the  fits. 

On  looking  at  the  second  column  of  the  table  given  at 
page  377,  where  the  total  amounts  are  compared,  it  is  found 
that  on  the  6th,  8th,  and  11th,  the  quantity  in  excess  is  some- 
what over  other  days.  The  temperature  on  the  6th  and  8th 
remained  permanent  after  reaching  its  highest  point.  Thus, 
on  the  6th  it  remained  at  105°  for  two  hours  and  a half ; 
on  the  8th  at  103|°  for  one  hour  and  a quarter ; but  when 
the  amount  passed  during  these  permanent  periods  is  de- 
ducted, then  the  urea  on  the  6th  fell  to  T277  grm.,  and 
on  the  8th  to  1’366  grm.,  bringing  each  on  a level  with 
the  10th.  On  the  11th,  the  increase  in  urea  occurred  en- 
tirely in  the  fourth  column,  that  is,  during  the  fall  of  the 
temperature,  the  amount  passed  during  the  rise  correspond- 
ing closely  to  the  other  days ; and  on  examining  the  sweat- 
ing stage  on  the  1 1th,  there  is  found  a great  and  sudden 
increase  at  its  very  termination,  and  this  excessive  quantity 
being  replaced  by  the  quantity  passed  on  other  days  at  the 
same  period,  the  amount  corresponding  to  each  degree  was 
1*510,  closely  coinciding  with  the  other  days. 
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That  the  increase  on  the  6th  and  8th  was  due  to  the 
above  is  rendered  probable  by  the  following  statement : 
The  whole  quantity  of  urea  passed  on  the  6tlq  during  the 
stationary  period  of  two  hours  and  a half,  was  T957  grm. 
On  the  8th,  for  one  hour  and  a quarter,  the  quantity  was 
1*155.  When  compared  to  equal  time,  that  is,  the  two 
hours  and  a half  reduced  to  one  hour  and  a quarter, 
then,  on  the  6th,  the  amount  of  urea  was  0’978,  correspond- 
ing closely  to  the  quantity  passed  in  the  same  time  on  the 
8th.  From  this  it  would  appear  that  the  same  amount  of 
urea  corresponds  to  1°,  when  the  temperature  is  permanent, 
whether  it  be  at  a high  temperature  or  not,  whilst  the  second 
table  shows  that  every  degree  in  the  hot  stage  corresponds 
to  a much  greater  amount  of  urea  than  in  the  cold  or  any 
other  stage,  whilst  the  temperature  is  rising  ; thus  showing, 
that  the  higher  the  temperature,  the  more  urea  corresponds 
with  each  rise  of  a degree  than  formerly,  and  thus  account- 
ing in  some  measure  for  the  greater  quantity  of  urea  to 
each  degree,  when  the  whole  fit  is  compared,  in  the  more 
severe  fits. 

The  very  close  correspondence  between  the  temperature 
and  the  urea  seems  to  be  thus  placed  beyond  doubt;  in  fact, 
the  one  may  be  calculated  from  the  other.  An  example  or 
two  will  illustrate  this. 

Thus,  on — 

April  6th,  the  amount  of  urea  excreted  during  the 
fit  was  11*097  grammes  ; taking  1*503  gramme  as  the  average 
quantity  (all  the  degrees  being  taken)  corresponding  to 
each  degree,  this  gives  a rise  of  7°,  or  a little  over ; the  actual 
rise  was  from  98^  to  105,  or  6f. 

April  7th,  the  total  amount  of  urea  during  the  fit  was 
10*635  grammes.  The  rise  in  the  temperature  here  should 
be  7° ; the  actual  rise  was  6f°. 

April  8th,  the  total  amount  of  urea  excreted  was  9*353 
grammes,  which  would  imply  a rise  in  the  temperature  of  6°; 
the  actual  rise  was  from  97|  to  103|,  being  exactly  6°. 
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III.  Chloride  of  Sodium, 


The  chloride  of  sodium,  to  a very  great  extent,  agreed 
•with  the  urea  in  its  relationship  to  the  temperature.  Traube^s 
statement  on  this  point  is  therefore  confirmed.  For  the 
most  part,  the  remarks  above  made  on  the  urea  hold  good 
for  the  chloride  of  sodium ; still  some  differences  occurred. 

On  the  8th,  the  urea  between  7’30  and  8 a.m.  remained 
stationary,  whilst  the  chloride  of  sodium  rose  continuously. 

9th. — Between  8 and  9 a.m.  the  urea  fell,  the  tem- 
perature corresponding,  but  the  chloride  of  sodium  rose  to 
double  its  quantity. 

Again,  during  the  decline  of  the  fit,  they  differed  on  the 
8th  and  9th ; the  urea  at  its  termination  rose  somewhat, 
whilst  the  chloride  of  sodium  continued  to  fall. 

The  following  table  corresponds  to  one  given  for  the 
urea,  and  shows  the  intimate  connexion  between  the 
severity  of  the  fit  and  the  amount  of  chloride. 


Date. 

Entire  tit.  The 
amount  of 
chloride  of  sodium 
for  each  degree. 

Rise  in  the 
temperature  taken, 
and  the  amount  of 
chloride  to  each  degree. 

Pali  in  the  tempe- 
rature taken,  and 
the  amount  of  chloride 
to  each  degi-ee. 

The  quantity  of  cliloride 
to  each  degree  of  the 
temperature  during 
the  cold  stage. 

The  same  diu’ing 
the  hot  stage. 

The  same  dru’ing 
the  period  before 
the  cold  stage. 

6th 

0-195 

0-085 

0-086 

0-027 

0-293 

• • • 

7th 

0 225 

0-159 

0-066 

0-085 

0-259 

0-640 

8th 

0-171 

0-107 

0-078 

0-131 

0-162 

0-134 

9th 

0-241 

0-150 

0-062 

0-175 

0-702 

0-103 

10th 

Lost. 

11th 

0-180 

0-149 

0-041 

0-102 

0-176 

0-785 

Here,  as  occurred  in  the  urea,  the  patient  on 

two  days 
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passed  a different  quantity  normally  from  what  he  had  on 
former  days ; so  that  on  one  day,  the  8th,  it  was  necessary 
to  add  0’022  grin,  to  each  hour  to  bring  it  up  to  the  other 
days.  On  the  11th  it  was  necessary  to  subtract  0*044  grm. 

On  the  6th  the  urine  was  not  collected  before  the  com- 
mencement of  the  cold  stage,  so  that  the  amount  for  each 
degree  is  less  than  it  would  otherwise  have  been  in  the  third 
and  fourth  columns. 

When  the  extremes  in  the  third  column  were  compared,  a 
difference  corresponding  to  one  third  of  a degree  of  tempe- 
rature occurred.  When  the  fourth  column  was  compared, 
excluding  the  6th,  a difference  of  one  third  of  a degree 
occurred.  In  the  fifth  column,  a difference  corresponding  to 
less  than  one  third  occurred,  excluding  the  11th,  on 
which  day  the  chloride  fell  to  its  normal  amount  before  the 
fit  had  ended. 

In  the  cold  stage  an  enormous  difference  was  found. 

In  the  hot  the  difference  corresponded  to  half  of  a degree. 

Beyond  these  above  differences,  all  that  has  been  said 
regarding  the  urea  applies  equally  to  the  chloride  of 
sodium. 


IV.  Water  of  the  Urine, 

In  rising  and  falling  in  quantity,  the  water  has  a very 
close  correspondence  to  the  urea,  though  there  is  very 
little  proportion  between  the  different  rises  and  falls  in  the 
two.  On  the  6th,  8th,  and  9th,  they  corresponded  in 
rising  and  falling  at  the  same  periods.  On  11th  and  7th 
the  quantity  of  urine  in  the  hot  stage  falls  so  considerably, 
that  in  the  commencement  of  the  sweating  stage  a slight 
rise  occurs,  this  being  followed,  however,  by  a decided  fall 
during  the  second  hour. 

The  quantity  of  urine  thus  corresponding  to  the  urea,  must, 
like  it,  correspond  somewhat  to  the  variations  in  the  tem- 
perature. That  the  quantity  stands  in  close  relation  to  the 
intensity  of  the  fit  is  seen  from  the  following  table. 
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Date.i 

Quantity 
of  urine  in 
the  fit. 

Numher  of 
degrees  tempe- 
rature rose. 

Quantity 
of  imiie  to 
each  degree. 

6 th 

608  c.c. 

117  c.c. 

7th 

411  c.c. 

71  c.c. 

8 th 

449  c.c. 

72  c.c. 

9th 

382  c.c. 

71  c.c. 

nth 

435  c.c. 

5| 

75  c.c. 

It  has  been  shown  that  some  correspondence  exists 
between  the  oscillation  of  temperature  at  the  commencement 
of  the  sweating  stage  and  the  fall  and  subsequent  rise  in  the 
amount  of  urea.  The  following  table  shows  the  relationship 
between  the  same  oscillation  and  the  fall  in  the  amount  of 
urine  passed. 

On  the  6th  and  11th  it  has  been  said  that  the  amount  of 
urine  secreted  was  so  small  during  the  hot  stage  that  it  rose 
somewhat  at  the  commencement  of  the  sweating,  so  that  no 
comparison  can  be  given  on  those  days  between  the  fall  of 
the  oscillation  and  the  quantity  of  urine.  In  the  next 
table,  in  the  first  column,  as  usual,  the  day  of  the  month 
is  given ; in  the  second,  the  fall  of  the  temperature  in  the 
oscillation ; in  the  third,  the  fall  in  the  amount  of  urine  ; 
in  the  fourth,  the  amount  reduced  to  a degree ; in  the  fifth 
column,  the  rise  of  the  temperature  in  the  oscillation  is 
given  ; in  the  sixth,  the  rise  in  the  amount  of  urine  in  the 
hour  subsequent ; and  in  the  seventh,  the  quantity  is 
reduced  to  that  corresponding  to  a degree : 

^ In  the  first  column  the  date  is  given.  In  the  second,  the  total 
quantity  of  urine  passed  during  the  fit.  In  the  third,  the  number  of 
degrees  the  temperature  rose  during  the  fit.  In  the  fourth,  the  number 
of  cubic  centimetres  corresponding  to  each  degree.  Excluding  the 
first  day,  a very  close  correspondence  existed. 
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6th 

Urine 

rose 

. . * 

13° 

0-030 

0-020 

7 th 

1° 

0-030 

0-030 

r 

0-017 

0-017 

8th 

1 3° 
■‘T 

0-039 

0-025 

40 

6 

0-025 

0-03D 

11th 

Urine 

rose 

... 

lO 

V 

0-007 

0-035 

From  this  limited  table,  no  great  correspondence  can  be 
traced. 

But  though  the  urea,  chloride  of  sodium,  and  water, 
thus  constantly  show  a close  correspondence  to  the  tem- 
perature, the  relative  amount  of  rise  was  different  in  these 
three  ingredients. 

This  indeed  was  shown  well  during  the  analysis,  in 
which  10  c.c.  of  urine  were  taken  : the  amount  of  mercury 
solution  required  for  the  amount  of  urea  varied  greatly  from 
hour  to  hour,  showing  no  regularity  of  rise ; whilst,  on  the 
other  hand,  the  amount  required  in  testing  for  the  chloride 
gradually  rose  and  then  gradually  sank,  often  again  rising 
somewhat  at  the  very  close  of  the  fit.  Thus,  to  take  the 
7th  of  April : 


UREA. 


Hour. 

Amount  of 
mercury  solution 
required  for 
1 00  pints  of  urme. 

Same  for  NaCl. 

Houi’ly  amount 
of  water  passed. 

7 a.m. 

298  c.c. 

48  c.c. 

25  c.c. 

8 a.m. 

198  c.c. 

144  c.c. 

80  c.c. 

8-30  a.m. 

188  c.c. 

135  c.c. 

136  c.c. 

10-30  a.m. 

224  c.c. 

90  c.c. 

62  c.c. 

12  noon. 

272  c.c. 

45  c.c. 

33  c.c. 

1 p.m. 

268  c.c. 

45  c.c. 

50  c.c. 

3 p.m. 

248  c.c. 

36  c.c. 

50  c.c. 

5 p.m. 

258  c.c. 

18  c.c. 

28  c.c. 

The  urea  varies  in  its  proportion  to  the  water;  thus,  during 
excessive  diuresis,  the  per-centage  amount  falls,  whilst,  on  the 
other  hand,  the  per-centage  amount  of  chloride  even  then 
increases,  up  to  the  time  the  greatest  amount  is  poured 
out,  then  it  as  steadily  falls,  even  when  the  water  fluctuates 
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greatly.  These  remarks  apply  to  the  per-centage  of  chloride 
of  sodium  in  the  urine. 

If  appears  that  the  amount  of  urea  undergoes  an  in- 
crease definite  iu  amount,  independent  of  the  water.  The 
chloride  of  sodium  also  undergoes  a definite  increase,  wliich, 
also,  is  independent  of  the  amount  of  water ; but  the  water 
being  increased,  the  same  per-centage  of  chloride  is  poured 
out  as  would  have  been  the  case  if  a smaller  amount  of 
water  had  been  voided,  the  per-centage  not  being  lowered 
by  an  excess  of  water,  as  is  the  case  with  urea. 

The  chloride  has  thus  a tendency  to  rise  and  fall 
steadily,  not  observing  the  various  alterations  corresponding 
to  temperature  that  the  urea  does,  but  the  water,  correspond- 
ing to  the  urea  in  this  respect,  causes  variations  of  the  same 
character  in  the  total  amount  of  chloride  poured  out. 

The  time  of  greatest  per-centage  excretion  of  chloride  of 
sodium  does  not  always  correspond  to  the  greatest  hourly 
excretion. 

Thus,  on  April  6th,  the  greatest  amount  of  saturation 
was  at  8 a.m.,  whilst  the  greatest  hourly  excretion  was  at 
8*30,  when  the  water  was  at  its  greatest  amount. 

7th. — The  hourly  excretion  and  the  per-centage  amount 
agreed  in  the  time  at  which  they  occurred,  and  so  also  did 
the  water. 

8th. — The  same  occurred  on  this  day. 

9th  and  10th. — The  same  occurred  also  on  these  days. 

11th. — The  per-centage  amount  of  chloride  was  greatest 
at  9 a.m.,  whilst  the  hourly  amount  excreted  was  greatest 
at  10,  the  water  being  most  abundant  during  the  last  period. 

The  urea,  on  the  other  hand,  often  decreased  in  per- 
centage during  the  fit,  especially  if  the  increase  in  the 
water  was  great,  its  highest  per-centage  amount  corre- 
sponding to  the  lesser  amount  of  water.  Thus,  on  April 
6th,  the  per-centage  amount  decreased  through  the  entire 
fit.  The  decrease  was,  however,  much  more  gradual  at  its 
commencement. 

7th. — The  greatest  per-centage  amount  was  at  7 a.m., 
the  amount  of  water  being  25  c.c.  for  the  hour.  The  water 
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then  rose  to  80  c.c.,  and  the  per-centage  amount  of  urea 
fell ; the  amount  of  mercury  solution  required  for  10  c.c. 
of  urine  fell  from  29  c.c.  to  19  c.c.  The  water  then  again 
rose  to  136  c.c.,  and  the  solution  of  mercury  required  fell 
in  amount  to  18  c.c.  The  water  next  fell  to  62  c.c.,  and 
the  solution  of  mercury  rose  to  22’6  c.c.  The  water  again 
fell  to  33  C.C.,  and  the  amount  of  the  solution  required  rose 
to  27*4  c.c.  The  water  next  rose  to  50  c.c.,  and  the 
solution  required  fell  to  26'4  c.c.  The  water  then  remained 
at  50  C.C.,  but  the  solution  fell  to  24  c.c.  Then  the  water 
fell  to  28  C.C.,  and  the  quantity  of  the  solution  rose  to 
25  c.c.^ 

From  these  facts  it  is  evident  that  both  the  urea  and 
chloride  increase,  independent  of  the  influence  of  the 
amount  of  water ; that  any  increase  in  the  latter  does 
not  modify  the  aggregate  amount  of  urea,  but  that  it  does 
that  of  the  chloride. 

No  connexion  exists  between  the  quantity  of  urine 
passed  during  the  entire  fit  and  the  amount  of  water 
drunk. 

This  is  seen  in  the  following  table 


Date. 

Water  drunk. 

Urine  passed 

6th 

2135  c.c 

7th 

1335  „ 

550  ,, 

8th 

1050  „ 

428  „ 

9th 

500  „ 

499  „ 

The  urine  was  passed  much  more  equally  as  regards 
the  different  periods  than  the  water  drunk,  for  the  entire 
quantity  was  mostly  drunk  during  the  hot  stage  only. 

Thus,  the  urine,  urea,  and  chloride  of  sodium,  were 
independent,  to  a large  extent,  of  the  quantity  drunk, 

^ Every  c.c.  of  the  mercury  solution  corresponds  to  10  milligrammes 
of  urea. 

® As  usual,  the  date  is  given  in  the  first  column ; in  the  second,  the 
quantity  of  water  drunk  during  the  entire  fit,  and  in  the  third,  the 
amount  of  urine  passed  during  the  entire  fit,  are  given. 
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APRIL  I2TH 

PlienomeTia  of  a Fit  modified  by  Quinirie. 
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though  some  connexion  appeared  to  exist,  as,  when  the 
patient  drank  copiously,  the  next  time  the  urine  was 
collected  it  was  found  to  be  somewhat  in  excess ; but  this 
might  be  a mere  coincidence. 


Table. 


^ April  12. — UREA. 


stage. 

Hour. 

Total  Quantity 
in  tliis  time. 

Quantity  per 
houi-. 

Average  Quantity 
per  lioiu-  during 
period. 

Grammes. 

Granunes. 

Grammes. 

Before  fit  

6-15  to  7-15 

1-868 

1-868 

1 

7-15  to  8*15 

1-815 

1-815 

[ 1-630 

8-15  to  8-45 

0-604 

1-209 

. 

Cold  

8’45  to  9'45 

0-530 

0-530 

> 2-310 

9-45  to  10 

0-445 

1-780 

J 

Hot  

10  to  11 

2-287 

2-287 

1 

. 2-219 

11  to  11*30 

1-075 

2-150 

Sweating  

11-30  to  12-30 

0-756 

0-756 

1 

- 0-442 

12-30  to  3-30 

0-384 

0-128 

CHLORIDE  OF  SODIUM. 

Before  fit  

6-15  to  7-15 

0-153 

0-153 

0-153 

7-15  to  8-15 

0-225 

0-225 

0-225 

8-15  to  8-45 

0-540 

1-080 

1-080 

Cold  

8-45  to  9-45 

0-240 

0-240 

1 

- 0-321 

9-45  to  10 

0-100 

0-403 

Hot  

10  to  11 

0-625 

0-625 

1 

h 0-467 

11  to  11-30 

0-154 

0-309 

11-30  to  12-30 

0-090 

0-090 

1 

^ 0-173 

12-30  to  3-30 

0-708 

0-256 

QUANTITY  OF  URINE  PASSED. 

Before  fit  

6 to  7-15 

73  c.c. 

7-15  to  8-15 

75  c.c. 

8-15  to  8-45 

54  c.c. 

Cold  

8-45  to  9-45 

25  c.c. 

9-45  to  10 

84  c.c. 

Hot  

10  to  11 

125  c.c. 

11  to  11-30 

86  c.c. 

11-30  to  12-30 

32  c.c. 

12-30  to  3-30 

128  c.c. 

On  the  12th,  everything  being  conducted  in  the  same 
manner,  upon  the  temperature  commencing  to  rise,  the 
patient  was  given  9j  of  quinine,  which  caused  the  tempera- 
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ture  to  fall  again.  It  continued  to  fall  for  half  an  hour^ 
and  then  began  to  rise ; the  cold  stage  came  on  an  hour 
later  than  on  the  previous  day.  The  fit,  however,  was 
afterwards  as  severe  as  usual.  The  effects  on  the  urea 
corresponding  to  this  fall  cannot  he  ascertained,  as,  for 
some  reason,  the  amount  secreted  was  three  times  as  great 
as  on  previous  days,  for  the  first  two  hours  it  was 
collected ; it  then  fell  somewhat,  but  continued  high  through- 
out the  fit,  the  quantity  to  each  degree  being  O’ 980 
grammes. 

The  temperature  obeyed  all  the  rules  laid  down  pre- 
viously— rising  to  the  commencement  of  the  cold  stage ; 
then  remaining  permanent  for  half  an  hour;  then  rising 
through  the  whole  of  the  cold  stage,  the  latter  being 
shorter  than  the  former;  and  just  at  the  commencement  of 
the  hot  stage,  it  again  remained  stationary  for  a quarter  of 
an  hour;  then  rose,  but  began  to  fall  before  the  sweating 
stage  commenced,  and  at  that  point  oscillated,  the  oscilla- 
tion being  small;  it  then  fell  rapidly. 

The  urea  corresponded  also  to  these  variations,  after  the 
manner  described.  Thus,  it  fell  where  the  temperature 
remained  stationary,  but  the  fall  was  out  of  proportion  to 
the  alteration  in  the  temperature,  being  very  great.  Pos- 
sibly, this  was  due  to  the  quinine.  It  then  rose  rapidly, 
reaching  its  highest  point  at  the  same  time  as  the  tem- 
perature. It  fell  slowly  during  the  latter  part  of  the 
hot  stage,  then  fell  greatly  during  the  oscillation  at  the 
commencement  of  the  sweating  stage ; but  as  the  urea 
did  not  subsequently  rise,  the  rise  in  the  oscillation  of 
the  temperature  was  only  one  fifth ; then  the  urea  fell 
greatly. 

The  chloride  of  sodium  differed  somewhat  from  the  urea 
at  the  commencement  and  termination.  Thus,  though  an 
unusual  quantity  was  passed  in  the  first  two  hours,  like  the 
urea,  still  it  did  not  fall  when  the  temperature  began 
to  rise  a second  time,  but  continued  rising  throughout ; 
just  before  the  cold  stage  it  reached  its  highest  point, 
arriving  at  the  very  unusual  quantity  of  1*080  grm. 
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After  this  it  corresponded  in  its  variations  to  the  urea, 
except  in  the  second  hour  of  the  sweating  stage,  when, 
instead  of  continuing  to  fall,  it  rose  considerably.  The  rise 
in  the  hour  subsequent  to  the  oscillation  in  the  temperature 
was  very  extensive. 

Considering  the  fit  to  have  commenced  on  this  day, 
at  7T5  a.m.,  the  amount  for  each  degree  was  0 396,  a larger 
quantity  (as  is  also  the  case  with  the  urea)  than  occurred 
on  other  days;  but  as  the  amount  passed  for  some  hours 
before  the  fit  was  unusually  large,  it  is  probable  that  the 
quantity  normal  for  that  day  was  in  excess. 

The  water  in  its  variations  corresponded  to  the  urea, 
except  at  its  very  termination  (that  is  to  say,  the  second 
hour  of  the  sweating  stage),  when  it  rose  considerably. 

The  amount  for  each  degree  was  105  c.c.  It  is  rendered 
most  highly  probable  that  the  reason  for  the  amount  for 
each  degree  being  greater  than  usual  in  urea,  salt,  and 
water,  is,  that  the  normal  quantity  was  in  excess  on  this  day, 
for  it  is  found  that  the  increase  in  each  is  proportionate. 

The  quantity  he  drank  was  not  taken  down  on  this  day. 
Thus  the  only  influence  that  can  be  ascribed  to  the  quinine 
is  the  lowering  of  the  temperature  and  the  postponement 
of  the  fit. 


Examination  of  the  Urine  on  April  13/^,  3ij  of  Quinine  having 

been  taken  the  day  before,  the  fit  being  entirely  absent. 

On  the  13th  no  fit  occurred.  The  patient  took,  without 
leave,  another  scruple  of  quinine  the  evening  before.  The 
temperature  remained  at  97°  the  entire  day,  with  very 
slight  variations,  never  amounting  to  more  than  |°.  But, 
notwithstanding  this  equality  of  temperature,  the  urea  and 
chloride  of  sodium  underwent  an  increase.  The  urine  was 
collected  through  the  night. 


30 

390 


THE  HEAT  OF  THE  BODY  AND 


UREA.  CHLORIDE  OF  SODIUM. 


Hoiir. 

Quantity  per 
lionr. 

j Hour. 

i 

Quantity  per 
hour. 

3-30  p.m.  to  6-30  a.m. 
6-30  to  7*30  a.m. 

7’30  to  8'30  a.m. 

8'30  to  9’30  a.m. 

9-30  to  10-30  a.m. 

10- 30  to  11-30  a.m. 

11- 30  to  12*30  p.m. 

12- 30  to  1-30  p.m. 

Grammes. 

0-610 

1-340 

1-122 

1-150 

1-412 

0-803 

0-999 

0-606 

3*30  p.m.  to  6*30  a.m. 
6*30  to  7*30  a.m. 

7*30  to  8*30  a.m. 

8*30  to  9*30  a.m. 

9*30  to  1 0 30  a.m. 
10*30  to  11*30  a.m. 
11*30  to  12*30  p.m. 
12*30  to  1*50  p.m. 

Grammes. 

0-057 
0-060 
0-082 
0 096 
0*138 
0*086 
0-091 
0-027 

Thus,  though  the  patient  experienced  no  change  as 
regards  his  sensations,  and  his  temperature  remained  the 
same  throughout  the  day,  a similar  change  to  that  occurring 
on  the  previous  days  was  observed  in  the  urea  and  chloride  of 
sodium.  The  fit,  as  judged  by  the  urine,  commenced 
at  6’30  a.m.  The  urea  then  fell  somewhat  during  the  next 
hour,  rising  again  steadily  up  to  10’30  a.m.,  when  it  had 
reached  its  highest  point.  It  then  fell  greatly,  and  this 
was  followed  by  a slight  rise,  and  then  again  fell  to  the 
amount  normal  to  this  man.  The  fall,  immediately  after 
the  first  rise,  probably  corresponded  to  the  termination  of 
the  period  prior  to  the  cold  or  the  commencement  of  the 
cold  stage ; and  had  the  temperature  risen,  it  would  probably 
at  this  point  have  either  oscillated  or  remained  permanent 
for  some  time. 

The  next  great  fall,  at  1T30  a.m.,  corresponded  to  the 
sweating  stage,  and  would  have  been  marked  in  the  tempe- 
rature by  a great  fall,  and  then,  probably,  the  temperature 
would  have  remained  stationary  for  half  an  hour,  and 
not  have  risen,  as  the  subsequent  rise  in  the  urea  is  small 
in  amount.  The  urea  after  this  small  rise  again  falls  to  the 
normal  amount. 

The  chloride  also  strictly  followed  the  principles  laid 
down,  for,  as  has  been  shown,  it  has  a tendency  to 
rise  continuously,  an  equal  amount  of  urine  being  taken 
each  hour,  though,  if  the  urine  be  much  altered  in 
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quantity,  this  salt  also  falls  and  rises.  Thus,  the  chloride  rises 
continuously,  and  is  marked  by  no  fall  after  the  first  hour, 
but,  corresponding  to  the  great  fall  of  urea  at  11 ’30,  it 
also  falls  and  again  rises  slightly  in  the  next  hour,  and  then 
again  falls  to  the  amount  normal. 

The  urea  and  chloride  increase  pari  passUj  and  each 
reaches  its  height  at  the  same  hour. 

The  amount  of  urine,  again,  corresponded  to  the  urea  and 
chloride  of  sodium ; it  fell  slightly  after  the  first  hour,  then 
rose,  reaching  its  highest  point  at  the  same  time  as  the 
urea;  it  then  fell,  but  again  rose  somewhat,  and  then  per- 
manently fell. 


3’30  p.m.  to 

6-30 

a.m 

6‘30  a.m.  to 

7-30 

1)  

....50  „ 

7-30 

8-30 

» 

....46  „ 

8-30  „ 

9-30 

» 

....46  „ 

9-30 

10-30 

... .66  „ 

1030 

11-30 

??  

....41  „ 

11-30  „ 

1-2-30 

p.m 

..51  „ 

12-30  p.m.  to 

1-30 

.... 

. . . . 30  „ 

Taking  the  mean  quantity  of  grammes  corresponding  to 
a single  degree  on  other  days,  the  increase  of  urea  would 
correspond  to  a rise  of  in  temperature.  Thus,  as  far 
as  the  urea,  &c.,  are  concerned,  the  fit  was  as  severe  as  on 
previous  days. 

The  urine  was  again  collected  hourly  during  the  14th. 

Here  the  urea  and  chloride  of  sodium  were  again  in 
great  excess  during  the  whole  day,  and  also  during  the 
night  previous. 


Hour. 

Urea  per  hour. 

Cliloride  per 

llOUl’. 

Water  per  hour. 

1-30  p.m.  to  6 a.m. 

1-620 

0-168 

85  c.c. 

6 to  7 a.m. 

2-715 

0-585 

150  c.c. 

7 to  8 a.m. 

1-332 

0-405 

90  c.c. 

8 to  9 a.m. 

2-545 

0-877 

172  c.c. 

9 to  10-30  a.m. 

1-106 

0-320 

67  c.c. 

10-30  to  11-30  a.m. 

1-107 

0-421 

78  c.c. 

11-30  a.m.  to  1-30  p.m. 

1-118 

0-312 

60  c.c. 

1-30  to  3-30  p.m. 

1-180 

0-254 

77  c.c. 
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On  the  second  and  fourth  hours  the  urea  rose  to  nearly 
double  the  quantity  of  other  hours.  After  the  second  rise 
it  remained  stationary  for  two  hours,  and  then  rose.  This 
corresponds  to  some  extent  with  the  urea  the  day  before; 
but  after  the  second  rise  the  fall  was  not  so  great,  and  the 
subsequent  rise  was  very  small  in  amount. 

The  chloride  more  closely  resembled  the  day  before.  Like 
the  urea  of  the  same  day,  it  rose  twice,  but  the  last  rise 
exceeded  the  first,  and  was  followed  by  a considerable  fall, 
and  this  again  by  a rise  of  some  extent,  and  then  it  again 
fell.  The  second  rise  and  fall  corresponding  to  the  com- 
mencement of  the  sweating  stage,  the  first  fall  probably 
would  have  corresponded  (had  the  temperature  risen)  to  an 
oscillation  or  a permanency  at  the  termination  of  the  period 
prior  to  the  cold  stage. 

The  water  closely  corresponded  to  the  chloride. 

Detracting  1*000  gramme  from  each  hour,  that  being 
the  necessary  quantity  to  reduce  the  urea  in  the  night 
urine  to  the  amount  normal  to  this  man,  and  again,  as  on 
the  day  before,  calculating  what  height  the  temperature 
would  have  reached  had  it  risen,  it  is  found  to  be  3°. 

This  fit  was  therefore  less  severe  than  that  on  the  previous 
da}^  It  thus  appears  that  variations  in  the  urea  and 
chloride  of  sodium  continue  to  occur  at  those  periods  when, 
if  the  fit  had  continued,  the  temperature  would  have  risen. 
The  same  fact  has  been  noted  by  Redenbacher ; and  it 
would  show  that  the  cure  of  the  fit  by.  quinine,  in  this  man, 
was  followed  by  a much  larger  excretion  of  urea  during 
what  would  have  been  the  apyrectic  hours  than  had  been 
noted  at  the  corresponding  time  when  he  was  suffering 
from  the  disease. 

Case  2. — Tertian  ague. — The  following  case  of  ague 
occurred  in  a boy,  set.  19,  strong,  and  in  every  respect 
healthy  with  exception  of  the  attack  of  ague.  The  boy 
had  not  been  out  of  London  for  twelve  months  before,  but 
at  that  time  came  over  from  Dantzig,  having  been  there  for 
some  months. 
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He  was  admitted  into  tlie  hospital  with  the  second  fit, 
which  was  very  slightly  marked,  the  fit  increasing  subse- 
quently in  severity  till  he  took  four  grains  of  quinine  every 
two  hours,  which  prevented  its  continuance.  It  was  tertian 
in  type. 

Everything  was  conducted  exactly  after  the  manner  of 
the  former  case.  The  urine,  however,  was  collected  (on 
one  day  only)  hy  the  stage,  and  not  by  the  hour.  His 
pulse  was  taken  each  quarter  of  an  hour,  with  the  tempera- 
ture. 

The  two  following  charts  of  the  temperature  will  be 
found  to  correspond  closely  with  those  given  before,  the 
correspondence  holding  mostly  with  the  severer  fits.  In  the 
first,  the  temperature  rises  slowly  up  to  the  cold  stage;  it 
then  rises  rapidly,  running  up  continuously  to  the  com- 
mencement of  the  hot  stage,  at  which  point  it  remains  sta- 
tionary for  half  an  hour;  it  then  runs  up  to  its  highest 
point,  remains  stationary  for  a short  time,  and  sinks  till 
the  sweating  stage  commences,  when,  instead  of  oscillating, 
it  remains  stationary  for  half  an  hour,  then  falls  and 
oscillates,  but  remains  high  even  at  9 p.m.,  thus  differing 
from  the  former  and  subsequent  tables. 

This  further  illustrates  the  slow  rise  of  the  stage  previous 
to  the  cold  one;  then  its  rapid  rise,  the  rise  being  here  also 
greater  than  at  any  other  period;  also  its  tendency  to  be 
affected  first  at  either  termination  as  the  fit  becomes  less 
severe.  It  shows  that  the  temperature  falls  before  the 
commencement  of  the  sweating  stage,  and  that  at  this  point 
it  either  oscillates  or  remains  stationary  ; and  in  the  severe 
fit,  that  the  temperature  has  a tendency  to  remain  stationary 
at  its  highest  point. 

The  next  chart  (that  of  April  4th)  shows  the  tem- 
perature on  the  day  the  fit  was  severer,  and  consequently 
we  find  indications  of  this  in  the  character  and  fall  of 
the  temperature.  It  shows  at  the  commencement  of  the  cold 
stage  a tendency  to  be  stationary,  but  after  this  it  runs  up 
continuously  with  no  permanent  period  at  the  termination 
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of  the  cold  stage,  though  an  approximation  is  seen  in  the 
rise  at  this  point  being  less  than  the  previous  ones.  It 
then  remains  permanent  for  some  time,  and  then  very 
slowly  sinks,  remaining  permanent  for  half  an  hour  just 
where  the  sweating  commences ; the  temperature  here  also 
falling  before  the  sweating  stage  commenced.  Thus,  the 
continuous  rise,  the  permanency  when  at  its  height,  and 
the  slow  and  gradual  fall,  all  indicate  the  severity  of  the 
fit,  besides  the  great  height  to  which  the  temperature 
reaches. 

The  urea,  here  only  estimated  for  each  stage,  corresponds 
to  the  results  before  stated.  Taking  the  average  amount 
per  hour  in  the  sweating  stage  as  the  nearest  approach  to 
the  quantity  normal  to  the  boy,  it  is  found  that  there  is  an 
increase  in  the  period  previous  to  the  fit ; this  continues 
increasing,  is  highest  during  the  cold  stage,  then  falls  some- 
what in  the  hot,  and  again  falls  still  lower  in  the  sweating.^ 
The  same  is  exactly  the  case  with  the  chloride  of  sodium 
and  water.^ 

The  patient  drank — 

At  breakfast .... 

Before  cold  stage 

Cold  stage 

Hot  stage 

Sweating  stage 

He  passed  the  following  quantity  of  urine  : 

Before  fit  (3  hours) 162  c.c.  = 54  c.c.  per  hour. 

Cold  stage  (1  hour) 100  „ = 100  „ 

Hot  stage  (2  hours) 180  „ = 90  „ 

Sweating  stage  (4  hours)  . . 150  „ = 37^  „ 


.285  c.c. 
.200  „ 
.200  „ 
700  „ 
,500  „ 


’ The  quantity  of  urea  to  each  degree  was  T977  grm.,  showing  a close 
correspondence  to  the  amount  for  each  degree  in  the  former  case.  The 
correspondence  would  probably  be  closer  still  if  the  normal  amount  of 
this  patient  was  reduced  to  that  of  the  former. 

2 The  amount  of  chloride  of  sodium  corresponding  to  each  degree  was 
0-502. 
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Thus,  during  the  period  before  the  cold  stage  he  drank 
323  c.c.  in  excess  over  the  quantity  of  urine  passed. 

Cold  stage,  he  drank  100  c.c.  more  than  he  passed ; 

Hot  stage,  „ 520  „ „ 

Sweating,  ,,  350  „ „ 

making  a total  of  1293  c.c.  in  excess  of  the  total  amount  of 
urine  voided.  In  this  respect,  again,  he  corresponds  to  the 
previous  patient. 

The  pulse  was  taken  every  quarter  of  an  hour  with  the 
temperature  in  the  two  fits,  and  the  result  is  shown 
in  the  two  following  charts.  In  the  first  the  pulse  at 
the  very  commencement  falls  somewhat,  and  then  oscillates. 
Just  before  the  commencement  of  the  cold  stage  it  com- 
mences rising,  and  then  remains  stationary  for  half  an 
hour;  then  runs  up  enormously  and  rapidly  during  the 
whole  of  the  cold  stage,  and  at  its  termination  remains 
again  stationary  for  half  an  hour;  then  runs  up  slightly, 
oscillates  when  it  has  reached  its  highest  point,  and  imme- 
diately on  the  sweating  stage  setting  in  it  falls  rapidly.  In 
the  second  chart,  at  the  very  commencement,  the  tem- 
perature falls  more  than  it  did  in  the  previous  one;  in 
the  stage  previous  to  the  cold  it  rises  more  rapidly  than  in 
the  previous  one ; runs  up  still  more  rapidly  during  the  cold 
stage,  reaches  its  highest  point,  and  then  immediately 
oscillating,  before  the  sweating  stage  commences;  after 
oscillating  for  some  time,  it  falls,  and  at  the  commencement 
of  the  sweating  stage  it  stands  stationary  for  half  an  hour, 
and  then  falls  greatly.  During  the  entire  rise  there  is  no 
tendency  for  it  to  remain  stationary,  still  less  to  oscillate. 

This  last  fit  was  more  severe  than  the  former. 

Thus,  on  both  days  the  pulse  commences  by  falling  some- 
what, then  on  both  it  rises  before  the  fit  commences,  thus 
corresponding  to  the  urine  and  its  constituents  and  also  to 
the  temperature.  At  the  commencement  of  the  cold  stage, 
in  the  less  severe  fit,  the  pulse  remained  stationary  for  half 
an  hour,  and  again  at  the  termination  of  the  same  stage, 
whilst  nothing  of  this  is  seen  in  the  severer  one,  thus  cor- 
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responding  to  the  temperature,  &c.  Again,  on  reaching 
the  climax  on  both  days  the  pulse  oscillates,  and  the  tem- 
perature also  was  unsteady  at  the  same  time,  though  to  a 
much  less  extent.  The  pulse  commences  falling  before 
the  sweating  stage,  and  then  falls  rapidly,  more  so  than  the 
temperature.  The  pulse,  however,  fell  most  rapidly  in  the 
less  severe  case. 

Thus,  a close  correspondence  exists  between  the  pulse 
and  the  temperature.  Like  it,  the  character  of  the 
rise  varies  with  the  intensity  of  the  fit ; it  rises  before 
the  cold  stage  commences ; then,  if  the  fit  is  not  very 
severe,  remains  stationary ; again  rises  through  the  entire 
cold  stage,  the  rise  being  more  considerable  than  during 
any  other  period ; then  falls  before  the  sweating  stage,  and 
just  at  the  commencement  of  this  stage  stands  still  for  half 
an  hour  in  the  severer  cases,  and  falls  subsequently  slower 
than  in  the  less  severe  cases,  in  which  also  there  is  no 
stationary  period. 

Case  3. — A case  of  hectic  fever. — The  following  well- 
marked  case  of  hectic  is  subjoined,  on  account  of  its  close 
correspondence  to  the  cases  above  given. 

It  occurred  in  a phthisical  patient,  set.  45,  under 
Dr.  Walshe.  It  was  particularly  obstinate  in  resisting  all 
measures  for  its  removal,  and  was  also  peculiar  in  its  occurring 
always  during  the  day,  and  its  very  long  continuance,  as 
it  commenced  at  7 a.m.,  and  continued  to  5 p.m.  All 
the  stages  were  unusually  well  marked,  consisting  in  severe 
rigors,  accompanied  with  great  pain  about  the  loins  and 
legs,  the  rigors  coming  on  gradually,  the  sensation  of  cold 
being  first  observed  about  the  feet ; the  hot  and  especially 
the  sweating  stages  followed  regularly.  The  observa- 
tions were  conducted  in  all  respects  after  the  manner  of 
those  already  detailed. 

Temperature. 

Here,  as  in  the  other  cases,  the  temperature  began  to 
rise  before  the  rigors  set  in,  ran  up  slowly  through  the 
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whole  of  the  cold  stage,  at  its  terminatiou  remained 
stationary  for  half  an  hour,  then  again  ran  up  slowly, 
remaining  stationary  once,  till  it  reached  its  highest  point, 
when  it  oscillated,  the  rise  in  the  oscillation  occupying 
half  an  hour,  then  slowly  and  gradually  fell,  every  now  and 
then  remaining  stationary.  A close  connexion  exists  between 
this  temperature  and  those  given  formerly ; the  rise,  how- 
ever, before  the  shivering  set  in  was  peculiarly  great,  and 
the  cold  stage  very  short,  the  rise  in  this  stage  not  being  so 
much  in  excess  over  the  other  stages  as  in  the  cases 
of  ague. 

Urea. 

Unlike  the  cases  of  ague,  the  urea  falls  during  the  period 
preceding  the  rigors,  and  reaches  its  minimum  immediately 
they  set  in ; the  quantity  then  rises  rapidly,  and  becomes 
greatest  during  the  hour  immediately  preceding  the  sweat- 
ing stage.  The  quantity  then  falls  rapidly  through  the 
sweating  stage,  reaching  its  minimum  when  the  sweating 
is  most  severe ; then  rises  again  even  higher  than  it  was 
during  the  hot  stage,  and  after  that  falls  to  its  normal 
amount. 


Chloride  of  sodium. 

This  corresponds  to  the  urea  in  all  respects,  except  that 
the  rise  at  the  termination  of  the  fit  does  not  equal  the 
amount  secreted  during  the  hot  stage. 

Water 

Again  corresponds  to  both  the  above,  except  that  its 
greatest  quantity  was  poured  out  an  hour  later  than  the 
greatest  amount  of  urea  and  chloride  of  sodium  (showing 
the  independence  of  these  substances  one  of  the  other). 

The  patient  was  permitted  to  drink  ad  libitum ; the 
quantity,  however,  was  not  measured. 
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The  following  table  shows  the  variations  in  the  amount  of 
urinary  water ; 


Hour. 

Amount  of  Water. 

7‘30  a.m. . . . 

8-30  „ .... 

52 

9-15  „ .... 

35 

1015  

58 

11-15  „ .... 

71 

12'30  p.m. . . . 

97 

3? 

1-30  „ .... 

104 

5J 

2-30  

39 

93 

3-30  

. . ..50 

93 

5 „ 

100 

39 

6-45  „ .... 

. . . 70 

The  pulse  in  this  patient  remained  about  80  through- 
out the  day. 


General  Conclusions. 

The  following  are  the  conclusions  deducible  from  the 
facts  noted  in  the  cases  of  ague. 

Temperature, 

1.  This  rises  before  the  commencement  of  the  subjective  fit. 

2.  The  time  before  the  cold  stage  at  which  the  rise  com- 
mences varies. 

3.  It  continues  to  rise  during  the  entire  cold  stage. 

4.  The  rise  during  this  stage  is  greater  than  during  any 
other. 

5.  It  reaches  its  highest  point  during  the  hot  stage,  but 
falls  again  before  the  sweating  stage,  the  fall  being  gradual. 

6.  The  fall  is  more  rapid  during  the  sweating  stage.  The 
rapidity  is  in  proportion  to  the  slightness  of  the  fit. 

7.  Definite  variations  occur  in  the  rise  and  fall  of  the 
temperature  indicative  of  alterations  in  the  severity  of  the  fit. 

8.  These  variations  first  appear  at  the  commencement 
and  termination  of  the  cold  stage. 

9.  Their  earliest  indication  is  seen  in  a tendency  for  the 
later  rises  in  the  cold  stage  to  become  less  extensive. 
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10.  The  temperature  next  becomes  stationary  for  a vari- 
able time  at  either  or  both  extremities  of  the  cold  stage. 

11.  Should  the  fit  become  still  less  severe^  the  tempe- 
rature oscillates  at  these  points. 

12.  An  oscillation  in  the  middle  of  the  cold  stage  in- 
dicates a still  further  diminution  in  the  severity  of  the  fit. 

13.  Variations  also  occur  during  the  hot  stage. 

14.  In  the  severest  fits  there  is  a tendency  for  the  tem- 
perature to  remain  stationary  at  its  highest  point. 

15.  If  less  severe,  the  temperature  immediately  falls  on 
reaching  its  extreme  height. 

16.  When  the  fits  become  still  less  severe  the  temperature 
next  fails  to  reach  to  such  a height  as  previously,  but  at  this 
point  again  has  a tendency  to  be  stationary. 

17.  Should  the  severity  of  the  fit  be  still  less^  it  just 
touches  the  extreme  point,  and  immediately  falls. 

18.  Variations  are  also  observed  during  the  fall  of  the 
temperature. 

19.  Thus,  at  the  junction  of  the  hot  and  sweating  stage, 
an  oscillation,  or  a tendency  to  remain  permanent,  always 
occurs. 

20.  In  continuing  to  fall,  the  temperature  either  falls 
gradually  and  continuously ; this  occurs  in  the  severe  fit — 
or, 

21.  Remains  stationary  every  now  and  then;  this  in- 
dicates a somewhat  less  intensity  of  the  fit — or, 

22.  It  oscillates;  this  accompanies  the  most  rapid  fall, 
and  occurs  during  the  least  severe  fit. 

23.  After  sinking  to  its  extreme  point,  the  temperature 
has  a tendency  to  rise  again,  the  rise  being  often  con- 
siderable. 


Urea,  Chloride  of  Sodium,  and  Water. 

24.  The  urea,  chloride  of  sodium,  and  water,  also  begin 
to  increase  in  quantity  before  the  commencement  of  the 
cold  stage. 

25.  They  continue  to  rise  rapidly,  and  become  most 
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abundant  either  at  the  termination  of  the  cold  or  the  com- 
mencement of  the  hot  stage. 

26.  These  urinary  constituents  commence  to  fall  in 
amount  before  the  temperature  reaches  its  highest  point. 

27.  During  the  latter  part  of  the  hot  stage  they  decrease 
in  amount  slowly.  ’ 

28.  They  fall  rapidly  during  the  sweating  stage^  the 
rapidity  of  the  fall  being  proportionate  to  the  slightness  of 
the  fit. 

29.  These  constituents  exhibit  variations  corresponding 
to  the  variations  in  the  temperature. 

30.  Thus,  when  the  temperature  remains  stationary  at 
either  end  of  the  cold  stage,  these  urinary  constituents  also 
remain  stationary,  or  fall  somewhat.  When  the  tempe- 
rature oscillates,  the  fall  in  these  constituents  is  propor- 
tionately greater. 

31.  A fall  occurs  in  these  constituents  corresponding  to 
the  oscillation  in  the  temperature  at  the  termination  of  the 
hot  stage,  the  fall  in  their  amount  corresponding  to  the 
depth  of  the  oscillation. 

32.  A greater  diminution  in  the  amount  of  these  con- 
stituents is  observed  when  an  oscillation  occurs,  than  when 
the  temperature  decreases  gradually,  or  tends  to  remain 
stationary. 

33.  The  increase  in  the  urea  and  water  is  definite,  the 
same  amount  of  increase  corresponding  to  a single  degree 
each  day. 

34.  A greater  increase  in  these  constituents  corresponds 
to  a single  degree  at  a high  than  at  a low  temperature. 

35.  No  connexion  existed  between  the  various  rises  of 
the  urea  and  chloride  of  sodium  when  equal  periods  were 
compared  together. 

36.  The  urea  appeared  to  be  independent  entirely  of  the 
influence  of  the  amount  of  water. 

37.  The  chloride  of  sodium  also  underwent  a definite  in- 
crease, but  this  increased  per-centage  remained  the  same 
whatever  the  amount  of  water  was,  so  that  the  total  amount  of 
chloride  was  greatly  under  the  influence  of  the  urinary  water. 
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38.  The  chloride  rose  steadily  and  constantly,  and  did 

not  observe  the  variations  corresponding  to  temperature 
which  were  seen  in  the  urea,  but  the  water  varying  with 
the  urea  and  influencing  the  chloride,  as  seen  above, 
caused  similar  variations  in  the  hourly  amount  of  the 
chloride.  • 

39.  The  quantity  of  water  drunk  in  no  way  influenced 
the  total  amount  excreted. 

40.  The  increase  in  the  above  constituents  often  com- 
menced before  a corresponding  rise  in  the  temperature 
occurred. 

41.  The  variations  in  the  temperature  above  described 
often  followed  similar  variations  in  the  urea,  but  never  pre- 
ceded them. 

42.  Quinine  given  in  a single,  but  large  dose,  when  the 
temperature  commenced  to  rise,  lowered  the  temperature 
and  postponed  the  fit  for  an  hour,  but  had  no  other  effect 
on  that  fit,  though  it  prevented  its  recurrence  next  day, 
another  scruple  having  been  taken. 

43.  The  pulse  corresponded  closely  with  the  temperature. 
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1.  “ On  the  alteration  of  the  Pitch  of  Sound  by  conduction 
through  different  Media/^  By  Sydney  Ringer,  Esq., 
late  Physicians^  Assistant  at  University  College  Hospital. 
Communicated  by  Dr.  Garrod.  Received  November  25^ 
1859. 

Having  observed  that  the  pitch  of  cardiac  murmurs  underwent 
various  alterations  dependent  on  the  constitution  of  the  conducting 
body,  the  following  experiments  were  devised  to  extend  and  render 
more  certain  the  observations  made  on  the  human  subject.  In  most 
of  these  experiments  a tuning-fork  was  used,  and  in  all  the  alterations 
in  pitch  were  tested  by  the  ear. 

In  making  these  experiments,  the  note  of  the  vibrating  fork  was 
first  taken  with  the  instrument  close  to  the  ear  and  without  being 
in  contact  with  any  resounding  body.  It  was  next  placed  on  the  body 
which  was  experimented  on,  and  lastly  listened  to  through  the  medium 
of  the  same.  The  alteration  in  pitch  obtained  by  these  two  latter 
methods  gave  always  the  same  results  in  kind,  but  not  in  degree, 
the  alteration  being  always  greater  when  the  note  was  heard  through 
the  medium  of  the  conducting  body. 

Solids. 

A board  13  feet  long  was  balanced  on  the  back  of  two  chairs. 
The  note  of  the  fork  was  then  taken,  without  its  being  in  contact 
with  the  board.  The  fork  in  vibration  being  next  placed  at  one  end 
of  the  board,  the  ear  was  placed  on  the  other,  and  the  note  was  then 
found  to  be  most  appreciably  lowered  in  pitch. 

As  boards  composed  of  various  kinds  of  wood  were  not  obtainable, 
tables  were  used.  Of  all  the  woods  thus  tested,  deal  lowered  the 
pitch  most ; indeed  the  lowering  of  the  pitch  was  always  in  proportion 
to  the  porosit}''  of  the  wood  f . 

The  pitch  was  found  to  fall  the  greater  the  distance  from  the  fork. 

*Bone  lowered  it. 

Glass  raised  the  pitch. 

Iron  raised  it. 

t Dr.  Wylde,  the  Conductor  of  the  Philharmonic  Society,  kindly  examined  and 
fully  corroborated,  in  those  experiments  marked  with  an  asterisk,  the  conclusions 
I had  previously  come  to.  All  the  experiments  were  confirmed  by  numerous 
persons  of  acute  ear.  In  no  case  was  their  opinion  at  variance  with  ray  own. 
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The  two  last,  in  conducting  the  note,  greatly  lessened  the  intensity, 
much  more  so  than  the  substances  described  above. 

The  muscular  substance  of  the  heart  lowered  the  pitch.  Skin 
and  cellular  tissue,  on  the  contrary,  raised  it. 

Liquids. 

A large  foot-pan  was  filled  with  water,  and  the  vibrating  fork  was 
partly  introduced  into  this,  but  as  no  sound  could  be  heard  in  this 
manner  without  some  resounding  body,  a small  circular  piece  of  wood 
was  used  for  this  purpose ; the  fork  placed  on  this  was  first  listened 
to  ; the  fork  with  the  piece  of  wood  was  then  placed  under  the  water ; 
one  ear  was  then  immersed  in  the  water,  and  the  note  so  taken ; the 
pitch  was  then  found  to  be  most  decidedly  heightened.  Any  objections 
to  this  method  of  performing  the  experiment  were  obviated  by  the 
following  extension  of  it.  The  eyes  being  firmly  shut,  any  variation 
in  the  position  of  the  fork,  that  is  to  say,  whether  it  was  moved  closer 
to  or  further  from  the  ear,  was  accurately  determined  by  the  alteration 
in  the  pitch. 

Next,  a glass  tube  29  inches  long,  with  a diameter  of  fths  of  an 
inch,  was  closed  at  one  end,  with  a diaphragm  of  gutta  percha,  oil- 
silk,  or  bladder  (the  same  diaphragm  being  used  in  each  set  of  com- 
parative experiments).  The  tube  was  then  filled  with  the  fluid  to  be 
examined.  The  ear  being  applied  to  the  diaphragm,  the  stem  of  the 
vibrating  fork  was  introduced  above  into  the  fluid,  care  being  taken 
that  neither  the  finger  nor  the  fork  was  in  contact  with  the  glass.  Ex- 
periments conducted  in  the  above  manner  gave  the  following  results. 

* Water  raised  the  pitch  most  appreciably. 

* Alcohol  still  higher. 

Ether  higher. 

A solution  of  protocarbonate  of  soda  of  the  same  specific  gravity 
as  the  blood,  raised  the  pitch  more  than  pure  water. 

* A saturated  solution  raised  it  still  higher. 

* Sulphate  of  baryta,  suspended  in  water,  raised  it  higher  than  any 
other  tried  fluid. 

Prussian  blue,  suspended  in  water,  raised  it  more  than  water,  but 
less  than  the  sulphate  of  baryta. 

From  the  above  results  it  appears  that  simple  fluids  heighten  the 
pitch  in  proportion  to  their  diminished  specific  gravity,  and  that  the 
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addition  of  any  substance  (though  increasing  the  specific  gravity), 
whether  in  solution,  or  merely  suspended  in  the  water,  heightens  it ; 
that  particles  in  suspension,  indeed,  heighten  it  more  than  solutions. 

The  fact  of  different  fluids  raising  the  pitch  in  variable  degrees, 
excludes  the  possibility  of  the  rise  being  due  to  the  glass,  or  any 
other  material  used,  unless  the  fluid  varying  in  weight  altered  the 
pitch,  by  affecting  the  tension  of  the  diaphragm  ; but  the  fact  of  the 
alteration  in  pitch  bearing  no  relation  to  the  specific  gravity  of  the 
fluid  excludes  this  source  of  error. 

The  following  experiments  were  devised  to  test  the  influence  of 
running  water  on  the  pitch. 

Into  an  india-rubber  tube,  1 3 inches  long,  and  Jths  of  an  inch 
diameter,  a funnel  was  inserted  ; immediately  below  this  a small 
opening  was  made,  just  large  enough  to  admit  the  end  of  the  fork. 
Water  was  kept  constantly  running  through  this,  and  the  stethoscope 
(covered  with  a diaphragm)  applied  to  different  parts  of  the  tube ; 
by  this  method  the  pitch  was  found  to  be  most  appreciably  raised  the 
further  from  the  fork  the  stethoscope  was  applied  to  the  tube.  The 
elevation  of  pitch  was  easily  recognized  at  a distance  of  2^  inches 
(the  length  of  the  pulmonary  artery  and  adjoining  part  of  the  aorta). 

The  stethoscope  ha^dng  been  unfortunately  left  behind,  Dr.  Wylde 
could  only  apply  the  ear  directly  to  the  tube,  and  therefore  could  not 
speak  so  decidedly  as  he  did  concerning  the  other  experiments,  but 
he  was  of  opinion  that  the  pitch  was  raised  as  stated  above. 

It  was  next  attempted  to  be  ascertained  whether  the  mere  motion 
of  the  water  increased  or  diminished  the  rise  of  the  pitch.  It  ap- 
peared that  the  pitch  was  very  slightly  raised  - by  the  mere  motion 
of  the  fluid,  the  same  point  of  the  tube  being  listened  to.  The 
difference  in  intensity  was  most  marked. 

The  chief  object  of  these  experiments  being  to  ascertain  the  in- 
fluence of  the  different  constituents  of  the  human  body  on  the  pitch 
of  cardiac  and  other  murmurs,  and  in  order  that  the  experiments 
might,  as  closely  as  possible,  simulate  the  actual  phenomena  in  the 
body,  an  aorta  was  tied  to  the  mouth  of  a tap,  and  an  artificial 
murmur  produced  hy  causing  a constriction  of  the  vessel  by  a piece 
of  twine  tied  round  it.  The  pitch  of  the  murmur  so  produced  was 
decidedly  raised  the  further  it  was  heard  along  the  vessel  from  the 
point  where  the  sound  was  generated. 
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To  set  the  question  quite  at  rest  of  the  possibility  of  the  blood  in 
a vessel  raising  the  pitch,  especially  at  so  short  a distance  as  2^ 
inches,  the  following  experiment  was  devised  : — A tourniquet  was 
placed  over  a man’s  femoral  artery,  immediately  below  Poupart’s 
ligament,  and  an  artificial  murmur  thus  produced ; this  was  found 
to  rise  rapidly  in  pitch  in  passing  down  the  course  of  the  vessel. 
A well-marked  difference  was  noticed  at  a distance  of  only  an  inch, 
and  decidedly  more  at  a distance  of  2^  inches. 

The  intensity  of  the  murmur  quickly  diminished  in  passing 
to  the  right  or  left  of  the  vessel,  the  pitch  being  at  the  same  time 
rapidly  raised,  which  was  due  to  the  interposition  of  integuments ; 
but  this  interposition  could  not  be  the  cause  of  the  rise  of  the  pitch 
in  the  course  of  the  vessel,  as  the  murmur  could  be  heard  in  that 
direction  at  a distance  of  at  least  6 inches,  whilst  it  was  completely 
lost  at  less  distance  than  2 inches  to  either  side  of  the  vessel ; thus 
the  murmur  must  have  been  conducted  by  the  blood,  whilst  the  same 
thickness  of  integuments  was  over  the  artery  at  the  lower  and 
the  upper  point  listened  to,  for  both  points  were  above  the  place 
where  the  sartorius  muscle  crosses  the  vessel. 

Gases. 

If  a watch  is  pressed  close  to  the  ear  and  then  gradually  moved 
away,  the  tick  is  heard  to  rise  in  pitch  in  proportion  to  the  distance 
the  watch  is  withdrawn. 

*Or,  if  in  place  of  the  watch  a tuning-fork  be  used,  the  same  can 
be  still  more  distinctly  ascertained.  Then  let  the  fork,  either  freely 
vibrating,  or,  still  better,  placed  on  a resounding  board,  be  moved 
gradually  away  from  the  ear,  the  pitch  will  be  found  to  rise  the 
further  the  fork  is  carried  away  from  the  ear. 

An  echo  of  a musical  note  is  higher  pitched  than  the  original  note. 
Again,  a loud  cardiac  murmur  audible  over  the  entire  chest  was 
examined  in  the  following  manner: — 

The  patient  was  directed  first  to  exspire  to  the  utmost,  and  the 
pitch  of  the  heart-sound  was  then  ascertained ; he  was  then  ordered 
to  inspire  to  the  full ; the  pitch  was  then  found  to  be  raised.  In 
this  experiment,  the  only  variation  was  an  increased  amount  of  air 
between  the  point  where  the  murmur  was  generated,  and  the  ear  of 
the  observer. 
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The  substances  which  lowered  the  pitch  in  the  above  experi- 
ments have  one  common  property,  namely,  porosity,  and,  as  far  it 
could  he  ascertained,  the  depression  of  pitch  was  in  proportion  to  this 
condition.  Is  it  possible  that  the  small  vacuities  included  in  the 
substance,  acting  as  resounding  cavities,  and  reflecting  the  vibrations 
from  their  walls,  may  so  direct  them  that  they  may  somewhat  interfere 
with  one  another,  and  thereby  be  somewhat  diminished  in  number  ? 
The  following  experiment  tends  in  some  degree  to  support  this  con- 
jecture. It  is  well  known  that  if  the  vibrating  fork  be  held  obliquely, 
resting  on  the  table,  “ a loud  resonance  is  audible  ; but  if  the  tuning- 
fork  be  moved  parallel  to  itself  along  the  surface  of  the  table,  the 
resonance  of  the  table  immediately  ceases  from  the  interference  of 
the  planes  of  vibration  with  each  other but  if  the  fork  is  moved 
so  slowly,  and  so  that  the  resonance  is  not  completely  destroyed, 
the  pitch  falls  slightly. 

Again,  if  the  fork  be  applied  to  the  head,  and  listened  to  first  with 
the  ear  open,  and  afterwards  with  the  ear  closed,  the  pitch  is  found 
to  be  slightly  lowered. 

In  all  those  experiments  in  which  the  pitch  was  elevated  by  con- 
duction, it  was  found  that  there  was  diminished  intensity  in  pro- 
portion to  the  elevation  of  'pitch  ; thus  it  would  appear  that  all  bodies 
raise  the  pitch  in  proportion  to  the  difficulty  with  which  they  receive 
and  conduct  vibrations. 

Dr.  Scott  Alison  has  proved  in  some  recent  experiments,  that  the 
conductivity  of  media,  as  regards  rapidity,  does  not  correspond  with 
that  of  intensity.  Of  all  tried  substances,  iron  was  the  worst  con- 
ductor as  regards  intensity,  and  this  was  found  to  raise  the  pitch 
most. 

The  above  explanation  is  rendered  somewhat  probable  from  the  fact 
that  in  all  cases  the  elevation  was  greater  with  a weak  note  than  a 
strong  one.  Dr.  Wylde  tells  me  that  it  has  long  been  noticed  by 
musicians  that  a weak  note  is  somewhat  higher  pitched  than  a strong 
one,  it  being  under  these  circumstances  caught  through  the  medium 
of  the  air.  Those  bodies  which,  on  the  contrary,  lower  the  pitch, 
do  so  to  a greater  extent  with  a weak  note. 

These  explanations  are  offered  with  the  utmost  diffidence,  on  ac- 
count of  my  very  limited  knowledge  of  acoustics. 

On  looking:  into  the  literature  of  the  subject,  the  only  reference  to  . 
alteration  of  pitch  by  conduction  is  that  by  Dr.  Walshe*,  who 
ascribes  it  to  transmission  of  the  vibrations  through  “varying” 
media. 

* Disease  of  the  Lungs,  Heart,  and  Aorta.  2nd  edition,  page  151. 
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The  observations  were  made  on  two  patients,  inmates  of 
University  College,  under  the  care  of  Dr.  Parkes. 

In  both  cases  the  urea  was  estimated  quantitatively  by 
Liebig^s  volumetric  method.  The  usual  allowance  was  made 
for  the  chloride  of  sodium,  except  in  the  case  of  Harriet 
Meader,  in  whom  it  was  so  small  in  quantity  that  no  allow- 
ance was  made.  The  sugar  was  estimated  quantitatively  by 
the  copper  test.  The  water  is  given  in  cubic  centimetres, 
and  the  urea  and  sugar  in  grammes. 

The  following  points  are  attempted  to  be  determined. 

1.  The  relation  between  the  excreted  amounts  of  sugar 
and  urea. 

2.  The  influence  of  starch  and  sugar  on  the  excretion  of 


urea. 


48 

324 


SUGAR  AND  UREA  IN  THE  URINE 


3.  The  time  at  which  the  sugar  reached  its  maximum 
after  a meal. 

4.  The  duration  of  the  influence  of  a meal. 

5.  The  temperature  of  the  body. 

Case  1. — George  Hudson,  set.  30;  height,  five  feet  nine 
inches  and  a half ; weight  in  health,  eleven  stone  nine 
pounds.  For  six  months  previous  to  his  admission  into  the 
hospital  he  had  suffered  from  symptoms  of  diabetes,  which 
had  increased  rapidly  in  severity,  and  were  strongly  marked 
at  the  time  of  his  admission.  During  the  first  sixteen 
weeks  they  continued  with  unabated  activity.  After  this 
he  improved,  and  his  weight  and  strength  increased.  He 
had  some  tubercular  deposit  in  both  lungs,  which  had 
advanced  to  excavation  on  the  left  side.  During  the  early 
part  of  the  investigation  he  perspired  greatly.  During  the 
whole  of  these  observations  the  patient  was  purposely  kept 
without  medicine.  The  observations  were  commenced  on 
October  13th,  1859. 

Case  2. — Harriet  Header,  set.  30,  of  very  diminutive 
stature.  She  had  suffered  ten  years  previously  from  dia- 
betes, and  was  greatly  emaciated^  though  she  had  been  in 
much  the  same  state  during  the  greater  part  of  her  illness. 
She  was  almost  totally  bliud  from  double  cataract,  and  her 
intellect  was  greatly  impaired.  She  also  suffered  from  a 
slight  leucorrhoeal  discharge,  so  that  her  urine  contained  a 
minute  trace  of  albumen,  which  was  removed  by  amylic 
alcohol  before  testing  for  the  sugar,  but  was  not  removed 
previous  to  testing  for  urea.  During  her  whole  illness  she 
was  subjected  to  no  treatment,  with  the  exception  of  having 
brown  bread  in  the  place  of  white.  Nor  was  any  medicine 
given  her  whilst  these  observations  were  being  made. 

1 . On  the  relation  between  the  excreted  amount  of  sugar  and 

urea. 

After  the  influence  of  food  on  the  urine  had  disappeared 
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by  long  abstinence,  a constant  ratio  was  found  to  be  main- 
tained between  the  sugar  and  the  urea.  This  ratio  was  1 
of  urea  to  2*2  of  sugar.  The  ratio  is  most  strictly  observed 
when  several  hours  are  compared  together  in  preference  to 
single  hours,  as  the  sugar  and  urea  do  not  exactly  corre- 
spond in  the  exact  time  of  elimination.  The  following 
tables  show  the  above  ratio  clearly  : 


George  Hudson. 
Urine  in  inanition. 


Number  of  hours  since  last 
meal. 

Sugar, 

Urea. 

Ratio  of 
urea  to  sugar. 

9th 

4-881 

2-582 

10th 

4-772 

2-415 

11th 

5-350 

2-127 

12th 

5-350 

2-127 

13th 

4-545 

1-598 

14  th 

5-025 

2-202 

15th 

3-260 

1-560 

Total  

1 

33-211 

14-612 

1:2-2 

The  same  ratio  was  observed  on  several  other  occasions 
not,  as  above,  in  several  consecutive  hours,  but  for  a single 
hour  only.  For,  on  any  day  that  observations  were  made, 
a fasting  hour  was  first  taken  for  comparison.  Thus : 


Number  of  hours  since  last 
meal. 

Sugar. 

Urea. 

Ratio  of 
urea  to  sugar. 

14  th 

2-453 

1-428 

1:1-7 

14th 

5-319 

2-430 

1 : 2-1 

13th 

3-977 

1-680 

1 : 2-3 

12th 

4-825 

1-909 

1 :2-5 

Mean  1:2-1 
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Harriet  Header. 

In  the  following  table  three  consecutive  hours  are  given. 


Urine  in  inanition. 


Number  of  Lours  since  last 
meal. 

Sugar. 

Urea. 

Ratio  of 
ui’ea  to  sugar. 

15  th 

1-631 

0-727 

1:2-2 

1 6th 

1-631 

0-727 

1 : 2-2 

17th 

1-041 

0-456 

1 : 2-2 

But  not  only  was  the  above  ratio  observed  during  ina- 
nition hours,  but  also  after  a non-amylaceous  and  non- 
saccharine diet ; for  though  both  the  urea  and  sugar  rose 
greatly,  the  same  ratio  was  maintained.  Here,  again, 
though,  when  separate  hours  are  compared,  the  ratio  varies 
slightly,  still  the  mean  ratio  is  the  same  as  that  above 
given. 

Hudson. 

December  30th. — At  10  a.m.  he  breakfasted  on  eggs  and 
mutton.  He  took  tea  the  evening  previous  at  5,  and  had 
nothing  between  that  time  and  breakfast. 


Urine  of  nitrogenized  food. 


Hour. 

Sugar. 

Urea. 

Ratio  of 
urea  to  sugar. 

9 to  10  a.m 

4-324 

1-676 

1:2-5 

10  to  11  „ 

3-856 

1-583 

1:2-4 

11  to  12  

3-604 

1-972 

1 : 1-8 

12  to  1 „ 

3-604 

1-972 

1 : 1-8 

1 to  2 „ 

4-181 

2-618 

1 : 1-6 

2 to  3 „ 

8-214 

3-832 

1:2-1 

3 to  4 „ 

5-851 

2-970 

1 : 1-9 

4 to  5 „ 

4-427 

2-380 

1 : 1-8 

5 to  6 ,,  

3-437 

2-042 

1:1-6 

Mean  1 : 1-97 
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January  2d. — He  dined  at  6.30  on  fish,  mutton,  and  eggs. 
He  had  taken  nothing  since  the  evening  previous. 


Hour. 

Sugar. 

Urea. 

Ratio  of  ! 
urea  to  sugar. 

6 to  7 p.m 

0-750 

0-583 

1 : 1-2 

7 to  8 „ 

3-846 

2-080 

1 : 1-8 

8 to  9 „ 

7-937 

3-048 

1 : 2-6 

9 to  10  „ 

9 523 

3-744 

1 : 2-5 

10  to  11  ,,  

8-522 

3-450 

1 : 2-4 

11  to  12  „ 

7-283 

3-510 

1:2-0 

12  to  9 a.m 

3-945 

2-034 

1:1-9  : 

1 

1 

Mean  1:21 

The  hourly  mean,  and  not  the  total  amount,  is  given 
between  12  p.m.  and  9 a.m. 

4th. — He  dined  at  11  p.m.  on  fish  and  meat. 


Hour. 

Sugar. 

Urea. 

Ratio  of 
urea  to  sugar. 

11  to  12  p.m 

8-695 

3-520 

1 : #4 

12  to  1 a.m 

6-818 

3-300 

1:  2-0 

1 to  2 ,,  

6-607 

3-293 

1 : 2-0 

2 to  7 „ 

6-666 

2-688 

1 : 2-4 

Mean  1 : 2-3 

Between  the  hours  of  2 and  7 the  hourly,  and  not  the 
total,  amount  is  given. 

That  some  such  ratio  existed  was  anticipated  on  a 
'priori  grounds,  for  the  sugar,  under  the  above  conditions, 
is  probably  derived  from  the  nitrogenous  elements  of  the 
body,  and  the  nitrogen  of  the  albuminous  matters  which 
are  resolved  into  sugar  must  apparently  pass  off  as  urea : 
thus  some  ratio  was  probable ; for  the  sugar  could  only 
be  derived  from  the  nitrogenous  or  oleaginous  constituents 
of  the  body.  And  though  reasons  have  been  advanced 
tending  to  show  that  sugar  and  fat  are  inter-convertible  in 
these  cases,  I think  it  must  be  admitted  that  the  sugar  came 
from  the  nitrogenous  elements.  The  fact  of  the  urea 
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maintaining  a constant  ratio  with  the  sugar  in  all  its  varia- 
tions, under  these  circumstances,  is  strong  proof  of  this. 
For  though  it  may  he  said  that  a certain  amount  of  tissue 
Avould  be  consumed  in  the  conversion  of  fat  into  sugar ; 
also  that  urea  being  the  exponent  of  this,  as  the  tissue 
used  would  be  in  proportion  to  the  sugar  formed,  so 
the  urea  would  hold  a constant  ratio  to  the  sugar;  still, 
the  increase  of  the  urea  is  much  too  great  to  be  accounted 
for  in  this  manner,  being  often  double  and  treble  the  amount 
normal  to  the  patient,  which  is  the  exponent  of  all  the 
changes  (secretion,  &c.)  taking  place  in  the  body,  and 
would  surely  more  than  equal  the  loss  of  tissue  required  to 
convert  so  much  fat  into  sugar. 

2.  On  the  influence  of  amylaceous  or  saccharine  food  on  the 

excretion  of  urea. 

The  excretion  of  urea  appears  to  be  increased  after  amy- 
laceous or  saccharine  food,  and  this  independent  of  the  kind 
of  sugar  used.  The  following  tables  render  this  probable. 

Harriet  Header. 

% 

December  17th. — The  patient  dined  at  4 on  mixed 
diet.  At  12  p.m.  eight  drachms  of  cane  sugar  were  given  to 
her. 


Hour. 

Quantity. 

Sugar. 

Urea. 

9 p.m 

261  c.c. 

14-085 

1-357 

12  „ 

220  „ 

11-000 

1-166 

1 a.m 

235  „ 

13-976 

1-222 

2 „ 

282  „ 

14-100 

1-381 

3 „ 

225  „ 

10-416 

1-125 

9 „ 

140  „ 

7-954 

0-840 

The  above  (as  is  the  case  with  the  following)  experiment 
is  not  so  perfect  as  could  have  been  desired.  As  it  was 
impossible  to  keep  her  without  food  till  the  influence  of  the 
previous  meal  had  disappeared.  Still,  the  sugar  was  never 
given  her  till  the  urinary  sugar  and  urea  had  commenced 
to  decline. 
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In  the  above  table  it  is  seen  that  the  urea  was  increased 
in  the  second  hour  after  the  sugar  was  taken  by  0*220 
gramme.  The  actual  increase  Avas  much  more  than  this ; 
for  the  urea  would  have  continued  to  decrease  in  amount 
during  these  two  hours  if  no  sugar  had  been  given^  the  in- 
fluence of  the  previous  meal  during,  that  time  becoming  less. 

19th. — The  patient  had  taken  no  food  since  11  p.m. 
the  evening  previous ; at  10  a.m.  eight  drachms  of  sugar  of 
milk  were  given  to  her. 


Hour. 

Amount. 

Sugar. 

Urea. 

8 to  9 a.m 

238  c.c. 

11-053 

1-528 

9 to  10  „ 

107  „ 

6‘079 

0-920 

10  to  11  „ 

150  „ 

8-333 

1-120 

11  to  12  

165  „ 

9-375 

1-270 

12  to  1 p.m 

102 

6-071 

0-683 

19th  and  20th. — She  dined  heartily  at  4 p.m.  on  mixed 
diet.  At  12  p.m.  she  had  eight  drachms  of  sugar  of  milk 
given  her. 


Hour. 

Amount. 

Sugar. 

Urea. 

9 to  10  p.m 

101  c.c. 

5-295 

0-671 

10  to  12  

195  „ 

9-461 

1-482 

12  to  1 a.m 

255  „ 

11-590 

1-785 

1 to  2 „ 

230  „ 

10-865 

1-610 

2 to  3 „ 

158  „ 

8-977 

1-216 

20th  and  21st. — The  patient  dined,  as  usual,  on  a mixed 
diet  at  4 p.m.,  and  at  12  p.m.  eight  drachms  of  sugar  of  milk 
were  given  to  her. 


Hour.  <: 

Amount. 

Sugar. 

Ui-ea. 

7 to  8 p.m 

305  c.c. 

16-576 

1-830 

8 to  10  „ 

250  „ 

12-019 

1-550 

10  to  12  

187  „ 

10-190 

1-325 

12  to  1 a.m 

210  „ 

10-744 

1-449 

1 to  2 „ 

234  „ 

10-833 

1-544 

2 to  3 „ 

195  „ 

9-375 

1-267 
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22d. — She  breakfasted  at  9 on  mixed  diet.  At  1 p.m. 
eight  drachms  of  glucose  were  given  her. 


Hour. 

Amount. 

Sugar. 

Urea. 

10  to  11  a.m 

286  c.c. 

16-388 

1-510 

11  to  12 ;.. 

258  „ 

13-913 

1-522 

12  to  1 p.m 

55  „ 

3-197 

0-368 

1 to  2 „ 

195  „ 

11-079 

1-092 

2 to  3 „ 

187 

12-331 

0-990 

3 to  4 „ 

130  „ 

9-027 

0-728 

On  the  same  day  she  dined^  as  usual,  at  4 p.m.  At  12 
p.m.  she  had  eight  drachms  of  glucose  given  her. 


Hour. 

Amount. 

Sugar. 

Urea. 

8 to  9 p.m 

243  c.c. 

13-522 

1-849 

9 to  12  

253  „ 

11-727 

1-570 

12  to  1 a.m 

280  „ 

12-096 

1-820 

1 to  3 ,,  

5-062 

1-582 

3 to  9 „ 

... 

6-713 

1-203 

George  Hudson. 

January  5th. — The  evening  previous  he  took  a non- 
amylaceous  dinner ; consequently  the  sugar  and  the  urea  had 
nearly  reached  the  ratio  observed  during  inanition  hours, 
and  the  influence  of  the  meal  was  much  more  completely 
worked  off"  than  in  the  previous  tables,  thus  more  correctly 
showing  the  actual  increase  after  sugar  was  taken.  Four 
ounces  of  cane  sugar  were  given  him  at  9 a.m. 


Hour. 

Amount. 

Sugar. 

Urea. 

8 to  9 a.m 

60  c.c. 

4-166 

1-600 

9 to  10  „ 

126  „ 

9-834 

2-102 

10  to  11  „ 

142  „ 

12-241 

2-101 

11  to  12  

127  „ 

11-759 

1-778 

12  to  1 p.m 

82  „ 

8-200 

0-984 

In  all  the  above  tables,  when  more  than  an  hour  elapsed 
before  the  urine  was  examined,  the  total  amount  of  water. 
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sugar,  and  urea  is  not  given,  but  the  mean  hourly 
amount.' 

This  fact  is  also  well  shown  on  other  occasions,  in  other 
experiments  not  devised  for  this  special  purpose.  Thus, 
after  a hearty  non-amylaceous  meal,  the  urea  was  found  to 
be  much  less  than  after  a mixed  diet,  though  it  may  be 
fairly  granted  that  the  amount  of  nitrogenized  food  taken 
was  greater  in  the  former  than  the  latter  kind  of  meal. 
Thus,  on  December  30th,  he  took  a non-amylaceous  break- 
fast ; the  highest  hourly  amount  of  urea  was  3*832  grammes 
(59  grains).  On  January  2d  he  had  a similar  dinner,  and 
the  highest  hourly  amount  of  urea  was  3*744  (58  grains). 
On  both  these  occasions  he  ate  most  heartily.  On  October 
24th,  after  a mixed  breakfast,  the  highest  hourly  amount  of 
urea  was  5*3  grammes  (82  grains).  After  a similar  tea  on 
the  same  day,  9*2  grammes  (142  grains).  On  October  28th, 
after  a mixed  breakfast,  the  urea  reached  5*355  grammes 
(83  grains).  On  the  same  day,  after  a similar  tea,  7*7 
grammes  (119  grains)  per  hour.  These  are  enough  for 
examples,  though  many  others  might  be  given. 

The  facts  above  attempted  to  be  established — namely, 
that  during  inanition,  and  also  after  a meal  containing 
nitrogenous  matter,  whether  combined  with  amylaceous 
matter  or  not,  albuminous  matter  is  converted  into  sugar 
and  urea,  and  that  this  is  greatly  increased  by  the  adminis- 
tration of  sugar,  and  therefore  by  an  amylaceous  diet — are 
quite  sufficient  to  account  for  the  great  loss  of  weight  and 

^ In  the  following  case,  a patient,  set.  11,  under  the  care  of  Dr.  Hare, 
half  a pound  of  sugar  was  given  at  12  p.m.,  the  urine  having  been  col- 
lected for  the  two  hours  previous,  and  again  from  12  p.m.  to  7 a.ra. 


Hour. 

Sugar. 

Urea. 

10  to  12  p.m 

12  p.m.  to  7 a.m 

4 049 
12-668 

1-322 

3-230 

As  usual,  the  hourly  amount  is  given  in  the  above  table. 

During  the  above  experiment,  the  patient  took  no  food  between  5 p.m. 
and  8 a.m.  next  mornin". 

O 

In  the  above  table  the  hourly  amounts  of  sugar  and  urea  are  given. 
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strength  in  these  patients,  and  the  general  degeneration  of 
the  functions  of  the  body. 

It  may,  perhaps,  be  said  that  the  increase  of  the  urea, 
after  the  administration  of  sugar,  was  due  to  this  causing 
an  increase  in  the  amount  of  urinary  water,  under  which 
circumstances  it  is  known  that  an  increase  of  urea  takes 
place.i  But  the  increase  then  depends  on  previous  reten- 
tion, probably  due  to  a deficiency  in  the  amount  of  urinary 
water.  Now,  it  cannot  be  said  that  in  diabetic  patients 
there  is  any  deficiency  in  this. 

Again,  if  the  increase  in  the  amount  of  urinary  water 
were  the  cause  of  the  increase  in  the  amount  of  urea,  there 
should  be  a relationship  between  the  two,  but  nothing  of 
the  kind  holds,  as  is  seen  from  the  following  table,  in  which 
the  water  and  urea  are  given  for  the  twenty-four  hours,  and 
the  ratio  between  them  also.  On  all  these  days  the  patient 
took  ordinary  mixed  diet. 


Hudson. 


Date. 

Water. 

Urea. 

Ratio  of  urea 
to  water. 

October  17  th 

5575  c.c. 

82-339 

1 : 68 

ISth 

5354  „ 

83  037 

1:  64 

19th 

5129  „ 

74-258 

1 : 69 

February  14  th 

3805  „ 

33-454 

1 : 115 

15th 

4042  „ 

32-336 

1 : 126 

16th 

4400  „ 

30-800 

1 : 146 

18th 

4000  „ 

25-600 

1 ; 160 

The  first  three  closely  correspond;  but,  as  the  water  is 
obviously  under  the  control  of  the  sugar  and  the  urea  also, 
when  there  is  a ratio  between  the  two  latter  there  will  of 
necessity  be  a relation  between  the  water  and  urea,  and  this 
occurred  on  the  first  three  days  given. 

^ Thus,  in  a healthy  subject,  of  average  height  and  build,  by  drinking 
a pint  of  water  hourly,  the  amount  of  urea  rose  from  2’0  grms.  per  hour 
to  4 040  grms.  for  three  hours.  During  the  fourth  hour,  however,  it  fell 
to  3‘O20.  It  is  true  that  the  usual  allowance  was  not  made  for  the  NaCl ; 
but  the  amount  of  urinary  water  vsras  increased  enormously,  whilst  the 
NaCl  suffered  no  such  increase. 
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The  above  table,  I think,  shows  indubitably  that  the 
increase  in  the  urea  is  independent  of  the  increase  of  urinary 
water,  as  the  ratio  between  the  two  varies  from  1 ; 68  to 
1 : 160. 

On  referring  to  this  table,  showing  the  increase  in  the 
amount  of  urea  and  sugar  after  a non-saceharine  and  non- 
amylaceous  meal,  it  will  be  seen  that  an  enormous  increase 
in  the  amount  of  the  urea  resulted.  It  has  also  been 
shown  that  there  is  probably  an  increased  formation  of 
urea  in  the  body,  due  to  the  ingestion  of  saccharine  matter ; 
but  the  amount  of  urea  eliminated  by  one  or  both  of  these 
causes  may  vary  in  different  patients,  and  in  the  same 
patient  in  different  periods  of  the  disease.  From  the  above 
cases  it  appears  that  the  eondition  of  the  patient  depends  on 
the  amount  of  urea,  and  not  on  the  amount  of  sugar,  elimi- 
nated ; that,  in  fact,  the  improvement  of  the  patient  is  due 
to  a diminished  amount  of  urea  formed,  whilst,  at  the  same 
time,  the  amount  of  sugar  eliminated  may  remain  the  same 
or  be  greatly  increased.^  Hudson^s  case  illustrates  this. 
At  first  he  lost  flesh  with  great  rapidity,  all  his  symptoms 
being  proportionately  severe.  The  disease  continued  with 
unabated  severity  for  nine  months.  He  then  apparently 
remained  in  statu  quo  for  a few  weeks,  but  towards  the 
latter  part  of  the  investigation  he  improved  greatly  in 
strength  and  weight.  These  variations  are  well  seen  in  the 
fluctuations  in  his  weight.  Thus,  in  health  he  weighed 
163  lbs,  j January  3d,  107  lbs.  ; January  26th,  103  lbs. ; 
February  19th,  113  lbs. ; February  25th,  113  lbs. 

On  referring  to  the  following  table,  it  will  be  seen  that 
coincident  with  this  improvement  was  an  increase  in  the 
amount  of  excreted  sugar  (this  increase  was  accounted  for 
by  an  increase  in  his  appetite).  But  at  the  same  time  that 
this  increase  in  the  sugar  occurred,  a large  diminution  in 
the  amount  of  urea  took  place.  Thus,  during  October, 
November,  and  December,  he  rapidly  declined ; but  in 
January  and  February  he  improved  greatly. 

^ Of  course,  in  judging  of  the  increase  of  the  urea  in  these  cases,  the 
amount  of  nitrogenous  food  ingested  must  be  considered. 
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Date. 

Sugar. 

Urea.  1 

October  17  th 

324*840 

82*339 

18th 

342*413 

83*037 

19th 

313  091 

74*258 

January  26th 

228-947 

29*928 

27th 

339*285 

34*960 

28th 

231*761 

32*637 

30th 

366*935 

41*860 

31st  

340*357 

40*026 

February  1st  

389*224 

30*702 

2d  

327-307 

19*743 

3d  

281*774 

33*542 

4 th 

562*500 

42*120 

6th 

437-900 

28*901 

7th 

420*600 

41*639 

8th 

446*354 

44*564 

9th 

512*000 

29*696 

10  th 

456*250 

42*705 

11th 

609*659 

40*237 

13th 

541*666 

32*240 

14th 

413*586 

33*454 

15th 

459*318 

32*336 

16th 

392*857 

30*800 

18th 

313*500 

25*600 

That  the  severity  of  the  symptoms  is  greatly  due  to  the 
urea  is  also  rendered  probable  from  three  other  cases^ 
one  of  which  is  given  above,  the  other  two  Dr.  Garrod 
kindly  allowed  me  to  take.  In  all  these  the  amount  of 
sugar  excreted  was  nearly  as  large  as  the  amount  in  the 
case  of  Hudson  during  the  most  severe  part  of  his  disease 
(October),  but  the  amount  of  urea  was  very  much  less,  and 
at  the  same  time  their  condition  was  stationary,  and  had 
been  so  over  a period  of  about  ten  years. 

The  following  table  shows  the  daily  amount  of  sugar  and 
urea  in  the  case  of  Harriet  Meader,  on  mixed  diet. 


Date. 

Sugar. 

Urea. 

December  16th  

189*435 

23*300 

17th  

248*504 

26*098 

18th  

238*712 

33*653 

19th  

257*475 

30*196 

23d 

247*589 

33*885 
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Dr.  GarrocVs  cases  were  taken  for  only  one  clay  each  ; 
they  gave  the  following  amount  of  sugar  and  urea  : 


Sugar.  Urea. 

1st 295-454  39-000 

2d 264-309  32-374 


« 

The  variation  in  the  amount  of  urea  in  different  patients, 
and  in  the  same  patient  at  different  periods  of  the  disease, 
may  he  due  either  to  a lessened  influenee  of  the  ingested 
sugar  or  to  a diminished  amount  of  nitrogenous  matter 
resolved  into  sugar  and  urea,  independent  of  the  influence 
of  sugar  (which  we  have  seen  oeeurs),  or,  as  is  probable,  it 
may  be  due  to  both  causes  combined. 

This  twofold  origin  of  urea  will  readily  account  for  their 
enormous  appetite  ; for  the  chief  part  of  the  albuminous 
matter  ingested  being  resolved  into  urea  and  sugar,  propor- 
tionately less  will  be  left  to  nourish  the  tissues,  and  if  the 
entire  amount  of  nitrogenous  matter  should  be  eliminated, 
then  we  ean  understand  how  it  is  that  they  experience  a 
sense  of  hunger  immediately  after  a meal.  And  if  it  be 
established  that  the  ingestion  of  sugar  has  the  power  to 
increase  the  resolution  of  albuminous  matters  into  urea  and 
sugar,  it  is  conceivable  that  the  amount  thus  resolved  may 
be  even  greater  than  the  amount  taken  in  as  food ; then  the 
blood  or  other  tissue  will  be  attacked,  and  the  meal  will 
then  leave  the  patient  in  a worse  condition  than  it  found 
him. 

These  facts  also  explain  how  it  is  that  abstinence  from 
amylaceous  matter,  as  food,  is  often  followed  by  such  good 
results. 

The  urea  in  Hudson^s  case  inereased  after  a meal,  corre- 
sponding, in  this  respect,  to  the  inerease  that  occurs  in 
health,  except  as  regards  amount ; and  there  can  be  little 
doubt,  I think,  that  the  increase  in  his  case  was  due  to  the 
same  causes  that  operate  in  health.  But  as  the  sugar 
inereased  also  in  his  case,  maintaining  the  ratio  mentioned 
above,  after  a non-amylaceous  meal,  if  it  can  be  shown  from 


60 

336  SUGAR  AND  UREA  IN  THE  URINE 

whence  the  sugar  is  derived  it  will  also  show  the  origin  of 
this  rise  in  the  urea. 

Nowj  as  regards  the  increase  of  the  sugar^  there  are  two 
conceivable  sources — 1st,  the  tissues  (retrograde  metamor- 
phosis) ; 2d,  some  organ,  by  its  function,  resolving  nitro- 
genous matter  into  sugar  and  urea,  which  function,  in 
diabetes,  is  altered,  so  that  the  sugar  is  less  highly  elabo- 
rated, and  thus  non- consumed. 

Again,  the  sugar  during  inanition  periods,  and  the 
increase  after  a non-amylaceous  meal,  are  probably  derived 
from  the  same  source. 

The  chief  difficulty  in  settling  this  question  lies  in  the 
difficulty  of  proving  whether  any  of  the  sugar,  either  taken 
in  ab  externo,  or  formed  in  the  body,  is  consumed,  or 
whether  all  is  thrown  off  (as  far  as  these  cases  are  con- 
cerned) . 

There  are  reasons  for  thinking  that  some  is  consumed ; 
thus,  the  enormous  rise  in  the  temperature  after  a meal 
would  seem  to  point  to  this  conclusion,  though,  as  the 
diet  in  all  these  cases  was  mixed,  it  might  have  been 
due  to  oleaginous  matters,  taken  in  in  unusually  large 
amount.  On  the  other  hand,  there  are  some  rather 
strong  reasons  for  thinking  that  all  the  sugar  was  thrown 
off.  For,  though  the  temperature  rose  so  highly  after 
food,  this  did  not  stand  in  proportion  to  the  amount  of 
amylaceous  food  taken ; thus  the  temperature  reached  its 
highest  after  dinner,  when  the  nitrogenous  and  oleaginous 
elements  were  in  excess,  the  patient  then  taking  much  less 
bread.  On  October  24th,  after  dinner,  it  reached  101°; 
the  same  evening  the  temperature  rose  nearly  as  high  as 
100|°,  but  he  had  a meat  tea ; he  ate,  however,  much 
more  bread  than  at  dinner.  On  October  27th  he  had 
a very  good  breakfast,  but  only  toast  and  tea ; the 
temperature’  reached  99|°.  And  on  the  28th,  after  a very 
good  tea,  it  reached  only  99^°,  and  it  must  be  remembered 
that  he  took  butter  with  his  bread  at  breakfast  and  tea, 
so  that  would,  perhaps,  account  for  the  great  rise,  even 
then. 

Again,  as  there  is  a constant  ratio  between  the  sugar  and 
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tlie  urea  during  inanition  and  after  a non-amylaeeous  diet, 
it  is  obvious  that  if  any  is  eonsumed  it  must  be  complete 
up  to  a certain  point,  and  after  that  in  a constant  ratio ; if 
this  applies  to  sugars  formed  in  the  body,  it  probably 
applies  to  all.  If  so,  it  is  evident  that  there  should  be  a 
relationship  between  the  sugar  excreted  and  the  temperature 
(if  the  former  is  the  cause  of  the  rise  of  the  latter)  ; or  if  the 
temperature  is  due  to  the  sugar  consumed,  and  this  again 
holds  a constant  proportion  to  that  excreted,  the  excreted 
amount  will  hold  a proportion  to  the  temperature ; but  there 
is  not  the  slightest  relationship  between  the  two.  It  may 
be  said  that  both  the  sugar  and  the  oleaginous  matters  were 
coucerned  in  the  elevation  of  the  temperature,  and  as  the 
proportion  of  the  two  to  one  another,  in  the  food,  varied, 
so  no  relationship  would  exist  between  the  sugar  and  the 
temperature.  But  admitting  the  force  of  this,  still,  if  any 
were  due  to  the  sugar,  there  could  not  be  so  great  a dis- 
crepancy as  constantly  exists  between  the  temperature  and 
the  sugar,  no  vestige  of  a relationship  existing  between 
them.  This  is  well  seen  by  looking  at  the  diagrams,  where 
it  will  be  observed  that,  on  October  24th,  at  3 p.m.,  the  tem- 
perature stood  at  101°,  whilst  the  sugar  amounted  to  17 
grammes  per  hour.  At  10  p.m.  the  temperature  stood  at 
100|° ; the  sugar  had  reached  37  grammes  per  hour. 

27th. — The  temperature  at  11  a.m.  was  99|°,  and  the 
sugar  stood  at  30  grammes. 

28th. — At  9 p.m.  the  temperature  showed  99°.  The 
sugar  reached  31  grammes  per  hour. 

It  thus  appears  to  me  that  the  temperature  cannot  be 
taken  to  prove  that  any  of  the  sugar  is  consumed,  indeed, 
the  inference  is  in  the  other  direction.^ 

It  may  be  that  some  of  the  sugar  taken  in  ah  externo 


^ There  is,  however,  another  conceivable  cause  of  the  rise  in  the  tem- 
perature. Thus  it  is  known  that  at  least  some  of  the  sugar  ingested  is 
converted  into  lactic  acid  in  the  alimentary  canal,  and  being  absorbed 
as  such  would  be  consumed,  and  cause  an  elevation  in  the  temperature, 
(See  Lehmann’s  ‘ Physiological  Chemistry,’  translated  by  the  Cavendish 
Society.) 


XLIII. 


^2 


62 

338 


SUGAR  AND  UREA  IN  THE  URINE 


was  consumed^  whilst  all  that  formed  in  the  body  was 
excreted.  If  this  be  granted,  it  is  all  that  is  required  for  the 
present  purpose. 

When  abstinence  of  food  was  continued  long  enough,  in 
both  cases  the  ratio  between  the  sugar  and  the  urea  was 
lost,  that  is  to  say,  the  urea  ceased  to  fall,  whilst  the  sugar 
still  did  so.  Thus,  in  Hudson^s  case,  on  January  2d,  the 
following  occurred  : 


IIom\ 

Sugar. 

I 

U rea. 

1-30 

2-884 

1-320 

3 

1-384 

1-100 

5 

0-635 

1-000 

7 

0-750 

0-583 

Header. 


1-30 

1-291 

0-574 

2-30 

0-852 

0-567 

3-30 

0-961 

0-700 

Now,  if  no  sugar  is  consumed,  to  what  is  the  excess,  just 
at  this  point  due  ? If  the  sugar  is  clue  to  some  organ  acting 
on  the  albuminous  constituent  of  the  blood,  and  not  clue  to 
the  retrograde  metamorphosis  of  the  tissues,  we  should  have  a 
small  amount  of  urea  to  be  accounted  for  in  this  manner; 
and  whilst  the  sugar  and  urea  are  very  large  in  quantity, 
this  would  be  insufficient  to  affect  the  ratio  to  any 
appreciable  degree ; but  when  the  sugar  and  urea  become 
much  reduced,  then  the  urea  would  be  found  in  excess,  as  we 
find  it  here.  For  if  the  sugar  is  derived  from  the  retrograde 
metamorphosis  of  the  tissues,  then  they  should  fall,  pari 
passu,  maintaining  the  usual  ratio.  Thus  I think  we  are 
driven  to  admit  that  the  sugar  is  due,  in  these  cases,  to 
some  organ  which  is  endowed  with  this  function ; and  even 
if  some  of  the  sugar  was  derived  from  the  tissues  by  retro- 
grade metamorphosis,  the  liver  must  have  been  at  fault 
likewise.  As  it  is  known  that  it  is  here  that  ordinary  sugar 
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is  rendered  av<ailable  for  the  body,  and  as  it  is  also  known 
that  the  liver  has  the  power  of  forming  sugar  from  nitro- 
genous substances,  it  is  more  compatible  with  reason  to 
ascribe  the  entire  disease  to  the  liver  than  to  distribute  it 
between  it  and  the  rest  of  the  body.^ 

Thus, having  shown  it  probable  that  the  sugar  in  these  cases 
was  due  to  the  function  of  the  liver,  it  is  of  course  in  an 
equal  degree  probable  that  the  rise  of  urea  after  a meal  is 
due  to  the  same  organ. 

From  what  has  gone  before  in  this  paper,  I think  it 
appears  that  the  excretion  of  urea  from  the  influence  of  amy- 
laceous food,  and  the  excretion  due  to  nitrogenous  food, 
though  mostly  combined,  are  not  necessarily  so  ; that  the 
sugar  taken  in  may  pass  off  unchanged,  whilst  the  nitro- 
genous matters  remain  unattacked  ; but  whether  the  reverse 
may  oeeur  is,  perhaps,  doubtful,^  though  eoueeivable.  But 
besides  these  two  possible  forms  of  diabetes,  there  is  probably 
a third,  namely,  the  tissues  whieh  by  altered  retrograde 
metamorphosis,  yield  diabetie  sugar  and  urea  instead  of  their 
ordinary  products. 

Any  theoretical  consideration  as  to  the  nature  of  the 
lesion  (in  cases  similar  to  those  given  above),  based  solely 
on  the  non-consumption  of  the  sugar,  if  not  erroneous,  must 
be  incomplete,  as  it  is  necessary  to  consider  the  excessive 
formation  of  sugar  in  the  body.  Thus  w^e  may  reject  as  at 

1 Again,  the  liver  (as  is  well  seen  in  carnivora)  forms  sugar  at  the  ex- 
pense of  the  albuminous  constituents  of  the  body,  the  nitrogen  of  which 
must  pass  off  as  urea ; and  as  we  find  an  increased  formation  of  sugar  by 
the  liver  after  a meal,  so  should  we  expect  a corresponding  increase  in 
the  amount  of  urea  in  the  urine.  Dr.  Parkes,  moreover,  has  endeavoured 
to  show  that  in  cases  of  abscess  of  the  liver,  with  great  loss  of  liver- 
tissue,  the  amount  of  urea  is  diminished.  Another  probable  cause  of 
part  of  the  increase  is  the  products  of  retrograde  metamorphosis  taken 
in  with  muscle,  &c.,  as  food,  for  we  know  the  juice  of  flesh  contains 
creatine  and  creatinine,  &c.  These  would  probably  be  absorbed  to  some 
extent,  and  some  would  pass  on  to  tlie  formation  of  urea. 

^ Since  the  above  was  written  I have  met  with  three  cases  which 
render  it  possible  tliat  sucli  may  be  the  case. 
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least  insufficient  Mialile^s  view,  that  the  disease  is  due  to 
an  insufficient  amount  of  alkali  in  the  blood ; also  any 
views  that  look  to  the  respiratory  organs  as  at  fault ; as 
also  any  view  that  merely  considers  the  disease  due  to  mak 
assimilation  of  sugar  in  the  intestinal  canal ; and  further, 
any  system  of  treatment  founded  on  such  views  must  be 
received  with  caution. 


3.  On  the  time  at  ivhich  the  sugar  reached  its  maximum  in 

the  urine  after  a meal. 

This  varies  according  to  the  nature  of  the  food  and  the 
4age  of  the  disease. 

Mixed  diet : 


H UDSON. 


During  the  early  experiments  it  reached  its  maximum 
iuring  the  third  or  fourth  hour. 


Date. 

Hour. 

Breakfast. 

Dinner. 

Tea. 

October  17th  

3d 

18th  

4 th 

2d 

21  st 

3d 

24  th  

4 th 

26th  

3d 

_ 

27th 

4 th 

28th  

4th 

— 

— 

Later  in  the  disease  it  reached  its  highest  during  the 
sixth  hour. 


January  6th 6th. 

January  13th 6th. 


Sugar  in  solution  (both  cases)  reached  its  maximum 
at  the  second  hour,  with  one  exception,  when  the  maximum 
was  reached  during  the  first  hour. 
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In  these  observations  the  time  oceupied  in  eating  the 
meal  is  iiieluded. 

Pui’e  albuminous  diet : 


Date. 

Hour. 

Breakfast. 

Dinner. 

Tea. 

Nnvfimbfir  2rl  

4 th 

December  29th  

4 th 

January  2d  

' ■ “ 

4th 

4.  Duration  of  the  influence  of  food  {mixed  diet). 

The  duration  of  the  influenee  of  mixed  diet  was  longer 
towards  the  latter  part  of  the  observations. 

October  19th. — Tea  between  5 and  6 p.m.  All  effect  of 
the  meal  had  disappeared  at  2 next  morning,  that  is  to 
say,  the  starvation  ratio  was  reached  by  that  time ; but  on 
December  28th  the  influence  still  existed  after  thirteen 
hours  had  elapsed,  and  might  have  continued  longer,  but  the 
patient  could  wait  no  longer.  In  this  woman  the  influence 
lasted  fifteen  hours.  Thus  it  would  appear,  as  might  have 
been  expected,  that  the  digestive  powers  became  impaired. 

The  urea  had  a tendency  to  pass  off  sooner  somewhat 
than  the  sugar,  possibly  because  it  is  more  pernicious. ' 

The  increase  of  the  sugar  in  the  urine  due  to  the  influence 
of  the  meal  lasted  longer  than  the  increase  in  the  urea. 

The  above  statements  will  be  found  to  be  correct  on 
referring  to  the  tables  appended,  in  which  the  entire 
observations  are  given 

1 Besides  the  sugar  and  urea,  the  amount  of  urinary  water  in  all  cases 
is  given  ; also  in  many  cases  the  chloride  of  sodium,  and  in  a few  cases 
the  specific  gravity.  No  reference  has  been  made  in  the  previous  pages 
to  these  constituents,  as  the  observations  were  not  sufficiently  numerous. 
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Hudson. 

Till  October  20th  he  was  allowed  to  take  what  food  he 
eliose.  This  eonsisted  of  bread  and  butter^  tea  or  cocoa, 
with  sugar  and  milk,  for  breakfast.  Meat,  bread,  and 
potatoes,  with  half  a pint  of  porter,  for  dinner.  His  tea 
corresponded  to  his  breakfast. 

October  14th.— -Breakfasted  at  8‘30 ; dined  at  1 ; tea 
at  5. 

15th. — Breakfasted  at  9;  dined  at  1 ; tea  at  5. 

16th. — Breakfasted  at  9‘15  ; dined  at  1 ; tea  at  6. 

17th. — Breakfasted  at  8‘30  ; dined  at  1. 

18th. — Breakfasted  at  9 ; dined  at  1 ; tea  at  6. 

19th. — Breakfasted  at  9;  dined  at  1 ; tea  at  5 ’30. 

20th. — Breakfasted  at  8. 
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October  13th. 


Hour. 

1 Qimntity. 

1 

Sugar. 

Urea. 

NaCI. 

Sj>.  gr. 

9 to  10  p.m 

390  c.c. 

4-524 

• • • 

1042 

10  to  11  

355 

J) 

... 

4-473 

... 

1042 

October  14th. 

11  p.m.  to  8 a.m 

1115 

c.c. 

... 

23-192 

6-244 

1050 

8 to  9 a.m 

60 

• • • 

1*710 

0-300 

9 to  10  

205 

• • • 

3-895 

0-820 

10  to  11  „ 

310 

}} 

• • * 

4-030 

1-054 

11  to  12  

330 

9} 

2-640 

1-386 

12  to  1 p.m 

295 

fj 

« • « 

2-006 

0-914 

1 to  2 „ 

367 

M 

1 • 1 

3-596 

1-388 

2 to  3 „ 

335 

99 

• • • 

3-886 

1-239 

3 to  4 „ 

247 

99 

« • • 

3-507 

0-666 

4 to  6 „ 

377 

99 

... 

7*351 

1-508 

October  15th. 

6 p.m.  to  8 a.m 

2600  c.c. 

36-920 

8-840 

8 to  9 a.m 

50 

99 

• * ♦ 

1-300 

0-185 

9 to  10  ,,  

80 

99 

• • • 

2-136 

0-320 

10  to  1 1 „ 

150 

99 

2-775 

0-330 

11  to  12  „ 

265 

99 

• • • 

3-445 

0-530 

12  to  1 p.m 

265 

99 

• • • 

3-445 

lost 

1 to  2 ,,  

333 

99 

3-996 

1*198 

1042 

2 to  3 „ 

315 

99 

• • • 

4-095 

1*102 

1043  ! 

3 to  4 ,,  

265 

99 

• • • 

4-081 

0-715 

1047  1 

4 to  5 „ 

180 

99 

• • • 

3-366 

0-480 

1051 

5 to  6 „ 

225 

99 

• . « 

4-320 

0-832 

1048  i 

6 to  7 „ 

280 

99 

, , , 

4-844 

1-164 

1047 

7 to  8 ,,  

350 

99 

• t • 

4-865 

1-120 

1043 

8 to  9 „ 

275 

99 

... 

3-575 

0-825 

1045  I 

October  16th. 

I 

i 

9 p.m.  to  8 a.m 

1480  c.c. 

... 

23-680 

6-600 

8 to  9 a.m 

50 

99 

• • 

1-270 

0-225 

1 

9 to  10  „ 

88 

99 

• • 

2-041 

0-440 

1 

10  to- 1 1 „ 

220 

99 

12-200 

3-580 

0-572 

11  to  12  „ 

290 

99 

16-111 

3-915 

0-870 

12  to  1 p.m 

295 

99 

17-987 

3-953 

1-357 

1 to  2 ,,  

360 

99 

25-714 

4-080 

1-476 

2 to  3 „ 

250 

99 

15-625 

3-025 

1-075 

3 to  4 „ 

397 

99 

20-253 

5-161 

3-295 

1041 

4 to  5 „ 

215 

99 

15-808 

3-289 

1-258 

1050 

5 to  6 „ 

215 

99 

14-527 

3-504 

1-225 

1051 

October  17th. 

6 p.m.  to  8 a.m 

2225 

c.c.  I 

163-603 

36-295 

17-132 

1049 

8 to  9 a.m 

127 

99 

7-434 

2-870 

1-143 

1051 

9 to  10  „ 

225 

99 

14-423 

3-487 

1-755 

1045 

10  to  11  „ 

265 

99 

16-562 

2-982 

2-252 

1040 

11  to  12  „ 

590 

99 

26-339 

6-608 

3-304 

1040 

. 
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October  17th — continued. 

Hour. 

Quantity. 

Sugar. 

Urea. 

NaCl. 

Sp.  gr. 

12  to 

1 

p.m 

515  c.c. 

23-842 

6-025 

3-399 

1038 

1 to 

2 



400 

77 

18-181 

4-880 

2-600 

1036 

2 to 

3 

7}  

465 

77 

16-146 

5-673 

3-441 

1035 

3 to 

4 

77  

330 

77 

16-176 

4-851 

1-710 

1040 

4 to 

5 

77  

215 

77 

13-109 

4-178 

0-838 

1045 

5 to 

6 

77  

215 

77 

9-045 

4-493 

1-075 

1050 

October  18th. 

i 6 p.m 

. to  8 a.m 

2535  c.c. 

147-384 

43-095 

9-126 

1046 

1 8 to 

9 

a.m 

52 

77 

2-453 

1-428 

0-273 

1050 

1 9 to  10 

77  

172 

77 

12-647 

3-698 

0-584 

1045 

1 10  to  11 

77  

255 

77 

16-346 

3-493 

0-994 

1039 

11  to  12 

77  

380 

77 

25-000 

4-408 

1-444 

1040 

12  to 

1 

p.m 

407 

77 

28-208 

4-354 

1-465 

1039 

1 to 

2 

77  

443 

77 

24-611 

4-562 

1-993 

1042 

2 to 

3 

77  

400 

77 

33-333 

4-520 

1-200 

1045 

3 to 

4 

77  

270 

77 

15-000 

3-591 

1-215 

1044 

4 to 

5 

77  

325 

77 

18-460 

5-037 

1-430 

1040 

5 to 

6 

M 

315 

77 

13-815 

4-851 

1-795 

1040 

6 to 

7 

77  

195 

77 

10-156 

3-315 

0-936 

1048 

7 to 

8 

77  

270 

77 

21-094 

3 051 

0-864 

1047 

8 to 

9 

77  

327 

77 

26-435 

4-152 

1-113 

1046 

1 

1 

October  19th. 

* 

1 

j 9 p.tr 

1.  to  8 a.m 

1510  c.c. 

92-037 

26-275 

6-946 

1049 

1 8 to 

9 

a.m 

100 

77 

5-319 

2-430 

0-750 

1050 

{ 9 to  10 

77  

95 

77 

5-5-25 

2-004 

0-351 

1050 

: 10  to  11 

77  

237 

77 

17-426 

3-578 

0-616 

1045 

11  to  12 

77  • • • • 

327 

77 

18-055 

4-087 

1-012 

1042 

12  to 

1 

p.m 

345 

77 

19-166 

3-795 

1-301 

1040 

' 1 to 

2 

77  

388 

77 

22-558 

4-362 

1-590 

1 2 to 

3 

77  

440 

77 

22-000 

5-325 

2-288 

1 3 to 

4 

77  

395 

77 

21-944 

4-891 

2-409 

j 4 to 

5 

290 

*7 

16  122 

3-944 

1-524 

j 5 to 

G 

77  

250 

77 

15-244 

4-050 

1-175 

6 to 

7 

77  

228 

97 

17-272 

3-898 

0-661 

7 to 

8 

77  

313 

77 

22-357 

4-695 

0-939 

8 to 

9 

77  

380 

77 

29-688 

4-332 

1-140 

9 to  10 

77  

435 

77 

21-750 

5-176 

1-696 

10  to  11 

77  

383 

77 

21-277 

4-251 

1-532 

11  to 

12 

77  

342 

77 

21-625 

4-856 

1-675 

October  20th. 

12  to 

1 

am 

248 

c.c. 

12-917 

2-429 

1-288 

1 to 

2 

77  

207 

77 

11-500 

2-607 

1-304 

2 to 

3 

77  

123 

77 

4-881 

2-583 

1-210 

3 to 

4 

77  

105 

77 

4-772 

2-415 

0-987 

4 to 

6 

77  

197 

77 

10-701 

4-255 

1-635 

1 

! 

6 to 

7 

77  

72 

77 

4-545 

1-598 

0-597 

7 to 

8 

97 

77 

n 

5-052 

2-201 

0-834 

8 to 

9 

1 • 

GO 

3-260 

1-560 

0-510 

! 

/ 
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For  tlie  tables  on  Oct.  26tli,  27th,  and  28th,  the  reader 
is  referred  to  the  diagrams. 

December  28th. — Dined  between  12  and  1 ; ordinary  diet. 
Tea  at  5*15;  ordinary  diet.  At  6*45  he  took  some  milk. 

29th. — 6 a.m.,  he  took  a non-amylaceous  breakfast.  Tea 
at  5. 

30th. — Breakfasted  between  9 and  10,  on  a non-amyla- 
ceoiis  meal.  He  took  nothing  from  that  time  till  6,  when 
he  dined  on  a mixed  diet. 

31st. — He  took  only  breakfast  and  dinner,  the  latter  at 
6 p.m. 

January  2d. — Breakfasted  at  9,  on  a non-amylaceous 
diet;  but  scarcely  ate  anything  till  6 p.m.,  when  he  ate  a 
hearty  dinner,  composed  of  non-amylaceous  matter. 

4th. — He  took  nothing  from  breakfast  till  6 p.m.,  when 
he  took  a pint  of  milk.  At  11  p.m.  he  ate  heartily  of 
meat  alone. 

5th. — 9 a.m.,  he  took  two  ounces  of  eane  sugar. 


December  28th. 

Hour. 

Quantity. 

Sugar. 

Urea. 

4 to  5 p.m 

308  c.c. 

22*000 

4*312 

5 to  6 ,,  

312  „ 

22*941 

4*368 

6 to  7 „ 

510  „ 

36*428 

5*304 

7 to  8 

305  „ 

22*426 

3*233 

8 to  9 „ 

252  „ 

20*321 

2*973 

9 to  10  „ 

394  „ 

30  781 

4*275 

December  29th. 

10  p.m.  to  5 a.m 

1860  c.c. 

122*368 

26*412 

5 to  6 a.m 

122  „ 

8*714 

2*293 

6 to  7 „ 

107  „ 

7*037 

2*204 

7 to  8 „ 

105 

6*907 

2*268 

8 to  9 „ 

98  „ 

6*447 

2*254 

9 to  6 p.m 

2160  „ 

154*285 

35*424 

6 to  7 „ 

363  „ 

23*881 

5*445 

7 to  8 „ 

345  „ 

20*535 

5*106 

8 to  9 „ 

190  „ 

11*046 

3*268 

9 to  12*30  a.m 

567  „ 

35*437 

11*907 

December  30th. 

12*30  to  8 a.m 

580  c.c. 

45*312 

13*456 

1 8 to  9 a.m 

62  „ 

5 000 

1*475 

9 to  10  „ 

64  „ 

4*324 

1*676 

10  to  11  „ 

57 

3*856 

1*503 

70 

340 
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DBCIiMBRR 

30tii  — continued. 

1 

1 

Hour. 

Quantity. 

Sugar. 

Urea. 

11  a.m.  to  1 p.m 

124  c.c. 

7-208 

3-944 

1 to  2 p.m 

77  „ 

4-181 

2-618 

2 to  3 „ 

138  „ 

8-214 

3-832 

3 to  4 „ 

110  „ 

5-815 

2-970 

4 to  5 „ 

85  „ 

4-427 

2-380 

5 to  6 ,,  

66  „ 

3-437 

2-042 

January  2d. 

i 

9 p.m.  to  7*30  a.m 

2320  c.c. 

45-238 

26*216 

7*30  to  8’30  a.m 

78  „ 

4-642 

1-255 

8-30  to  9-30  „ 

124  „ 

9-687 

1-996 

9-30  to  10-30  „ 

120  „ 

8-571 

1-920 

10-30  to  11-30  „ 

110  „ 

7-432 

1-980 

11-30  to  12-30  p.m 

87  „ 

5-178 

1-705 

12  30  to  1-30  

60  „ 

2-884 

1-320 

1-30  to  3 p.rn 

64  „ 

2-077 

1-651 

3 to  5 p.m 

61 

1-270 

2-000 

5 to  7 ,,  

72  „ 

1-500 

2-332 

7 to  8 „ 

80  „ 

3-846 

2-080 

8 to  9 „ 

127  „ 

7-937 

3-048 

9 to  20  „ 

160  „ 

9-523 

3-744 

10  to  11  „ 

150  ,. 

8-522 

3-450 

11  to  12  

134  „ 

7-283 

3-510  i 

12  to  9 a.m 

625  „ 

35-511 

18-312  1 

1 

January  4th. 

7-30  to  8-30  p.m 

503  c.c. 

26-198 

9-355 

8-30  to  11  p.m 

500  „ 

22-727 

8-950  j 

11  to  12  

160  „ 

8-695 

3-520  i 

January  5th. 

12  to  1 a.m . 

150  c.c. 

6-818 

3-300 

1 to  2 „ 

185  „ 

6-607 

3-293  1 

2 to  7 „ 

640  „ 

33-333 

13-440  1 

7 to  8 „ 

153  „ 

10-066 

3-457 

8 to  9 ,,  

60  „ 

4-166 

1-600 

9 to  10  „ 

126  „ 

9-834 

2-102 

10  to  1 1 „ 

142  „ 

12-241 

2-101 

11  to  12  

127  „ 

11-759 

1-778 

12  to  1 p.m 

82  „ 

8-200 

0-984 

Header. 

On  December  15th,  the  urine  was  saved  for  the  entire 
day,  having  been  kept  also  through  the  night  previous, 
from  12’45  a.m.  At  5 p.m.  of  this  day  the  patient  ate  a 
hearty  tea;  from  this  time  she  took  no  food  till  11  a.m. 
December  16th,  when  we  ceased  collecting  the  urine  for  a 
few  hours. 
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The  same  evening  (December  16th)  the  patient  ate  a bad 
tea,  at  5 p.m.,  composed  of  ordinary  diet.  The  nrine  was 
collected  from  8 p.m.  The  patient  took  no  food  till  12  a. m. 
next  morning  (December  17th).  Thus  she  had  no  food  for 
18  hours.  At  4<  p.m.  she  took  dinner  and  tea  together. 
The  urine  was  now  continuously  collected  (from  8 p.m.)  ; 
sometimes  hourly;  at  others,  during  various  periods,  to 
3 a.m.  December  21st.  December  17th,  at  12  p.m.,  the 
patient  took  eight  drachms  of  cane  sugar,  in  275  c.c.  of 
water.  At  tea,  the  previous  evening,  she  drank  570  c.c., 
and  another  180  c.c.  at  1 a.m. ; beside  this,  she  drank 
nothing  till  breakfast,  at  9 a.m.  the  following  morning. 

December  18th. — At  11  p.m.,  took  a mug  of  tea  and 
a round  and  a half  of  toast. 

19th. — At  10  a.m.,  took  eight  drachms  of  sugar  of  milk  in 
275  c.c.  of  water,  the  patient  having  taken  no  food  since  the 
tea  and  toast  on  the  previous  evening.  On  the  same  day  she 
dined  at  4 p.m.,  on  fish,  mutton  chop,  bread,  and  tea ; during 
the  rest  of  the  evening  she  took  nothing  but  water.  At 
12  p.m.,  eight  drachms  of  sugar  of  milk,  in  the  usual  quantity 
of  water,  was  given  her. 

20th. — At  3 a.m.,  she  took  some  bread  and  butter  and 
tea.  Breakfasted  at  10.  Dined  at  4,  on  a similar  diet  to 
that  of  the  day  before.  12  p.m.,  she  drank  eight  drachms  of 
sugar  of  milk,  in  275  c.c.  of  water. 


December  14th. 

) 

Hour. 

Qiumtity. 

Sugar. 

Urea. 

5 to  9’15  p.m 

125  c.c. 

2*976 

1*975 

9 15  to  10’45  p.m 

83  „ 

1*921 

1*045 

10'45  to  11*45  ,,  

155  „ 

3*799 

1*813 

11‘45  to  12*45  a.m 

H7  „ 

3*052 

1 240 

December  15th. 

i 12*45  to  9 a.m 

2090  c.c. 

96*759 

15*048 

I 9 to  2 p.m 

1205  „ 

37*631 

7*230 

2 to  12  „ 

1890  „ 

98*437 

11*340 

December  16th. 

i 

1 

12  to  9 a.m 

1025  c.c. 

53*385 

6*563 

9 to  11  ,,  

44 

2*291 

1*410  j 

72 

348 
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December 

16th  A.ND 

17th. 

Hour. 

» 

Total 

Quantity. 

Total  Sugai-. 

Total  Urea. 

8 to  10  p.m 

503  c.c. 

25-150 

4-024 

10  to  11  „ 

272  „ 

12-362 

2-067 

11  to  1 a.m 

345  „ 

16-273 

3-036 

1 to  2 „ 

210  „ 

4-687 

1-680 

2 to  9 

635  „ 

23-694 

6-350 

9 to  11  

107  „ 

3-262 

1-458 

11  to  12  „ 

30  „ 

1-041 

0-456 

12  to  4 p.m 

570  „ 

29-688 

4-104 

4 to  9 ,,  

1302  „ 

70-924 

6-786 

9 to  12  „ 

660  „ 

33-000 

3-496 

December  18th. 

12  to  1 a.m 

235  c.c. 

13-976 

1-222 

1 to  2 „ 

282  „ 

14-100 

1-381 

2 to  3 „ 

225  „ 

10-416 

1-125 

3 to  9 ,,  

840  „ 

47-727 

5-040 

9 to  11  „ 

217  „ 

12-616 

2-039 

11  to  3*30  p.m 

680  „ 

35-836 

3-400 

3‘30  to  7 p.m 

1200  „ 

60-000 

5-520 

7 to  9 p.m 

3/5  ,, 

20-833 

2-875 

December  19th. 

9 p.m.  to  9 a.m 

2865  c.c. 

132-638 

18-336 

9 to  10  a.m 

107  „ 

6-079 

0-920 

10  to  11  „ 

150  „ 

8-333 

1-120 

11  to  12  „ 

165  „ 

9-375 

1-270 

12  to  1 p.m 

102  „ 

6-071 

0-683 

1 to  4 

1035 

49-759 

7-969 

4 to  10  

610  „ 

31-770 

4-026 

10  to  12  „ 

390  „ 

18-923 

2-964 

December  20th. 

12  to  1 a.m 

255  c.c. 

11-590 

1-785 

1 to  2 ,,  

23P  „ 

10-865 

1-610 

2 to  3 „ 

158  „ 

8-977 

1-216 

3 to  5 p.m 

2873  „ 

149-719 

16-683 

5 to  7 „ 

375  „ 

23-439 

1-987 

7 to  8 „ 

305  „ 

16-576 

1-830 

8 to  10  „ 

500  „ 

24-038 

3-100 

10  to  12  ,,  

375  „ 

20-380 

2-625 

December  21st. 

12  to  1 a.m 

210  c.c. 

10-744 

1-449 

1 to  2 „ 

234  „ 

10-833 

1-544 

2 to  3 ,,  

195  „ 

9-375 

1-267 

An  intermission  then  occurred,  and  the  urine  was  again 
collected  from  9 a.m.,  December  3.2d,  and  kept  from  this 
time  till  1 p.m.,  December  24th,  over  various  periods. 
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December  22d. — She  breakfasted  at  9 ; breakfast  con- 
sisted of  bread  and  butter,  with  cocoa,  with  milk  and  sugar. 
At  1 p.m.  she  took  eight  drachms  of  glucose,  in  275  c.c.  of 
water.  Dinner  between  4 and  5,  consisted  of  usual  food. 
At  12  p.m.  took  another  eight  drachms  of  glucose,  in  same 
amount  of  water. 

23d.  — Breakfasted  at  9 ; had  three  eggs,  and  tea  without 
milk  or  sugar,  thus  solely  albuminous  food.  Dined  at  2, 
good ; usual  food.  Tea  at  5 ; bread  and  butter ; then  had 
nothing  till  next  morning. 

24th. — At  9 a.m.  drank  a mugful  of  tea ; another  at 
10*20,  and  then  had  four  eggs.  The  tea,  on  both  occasions, 
was  without  milk  or  sugar.  Dined  at  2 ; usual  food. 

25th. — Took  no  starch  food  on  this  day,  from  6 p.m. 
(nor  milk). 

26th. — Breakfasted,  at  9*30,  on  egg  and  tea,  without 
milk  or  sugar.  Between  1 and  2,  had  meat  solely.  At 
5 p.m.  drank  a solution  containing  three  drachms  of  glucose. 
At  9 p.m.  had  meat  and  a very  small  piece  of  bread. 

27th. — Breakfasted  on  eggs  and  tea,  without  sugar  or 
milk,  at  9*30.  Dined,  at  1*45,  on  chop  and  beef  tea  solely. 


[ December  22d. 

Hour. 

Quantity. 

Sugar. 

Urea. 

9 to  11  a.m 

472  c.c. 

32*777 

3-020 

! 11  to  12  

258  „ 

13-913 

1-522 

I 12  to  1 p.m 

55  „ 

3-197 

0-368 

1 1 to  2 „ 

105  „ 

11-079 

1-092 

j 2 to  3 „ 

187  „ 

12-331 

0-991 

1 3 to  4 „ 

130  „ 

9 027 

0-728 

4 to  9 „ 

1217  „ 

67-611 

9-249 

9 to  12  

760  „ 

35-183 

4-712 

^ December  23d. 

1 

12  to  1 a.m 

280  c.c. 

12-069 

1-820 

1 to  3 „ 

255  „ 

10-125 

3-162 

3 to  9 „ 

145  „ 

40-277 

7-221 

9 to  10  „ 

54  „ 

2-596 

0-540 

10  to  11  „ 

75  „ 

3-472 

0-795 

11  to  12  

54  „ 

2-410 

0-631 

1 12  to  1 p.m 

87  „ 

3-625 

1-061 

74 
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December  24th. 

Hour. 

Quantity. 

Sugar. 

Urea. 

1 to  9 a.m 

3950  c.c. 

154-296 

31-235 

9 to  10  „ 

110  „ 

4-741 

1-001 

10  to  11  „ 

135  „ 

5-443 

1-593 

11  to  12  

90  „ 

3-629 

1-116 

12  to  1 p.m 

78  „ 

2-635 

0-982 

Another  intermission  then  occurred  in  the  urine,  which 
was  again  collected  from  4 p.m.  to  8 p.m.,  December  26th. 
Then  again.it  was  collected  from  11  a.m,  to  3*30  p.m., 
December  27th.  On  this  last  day  the  amount  of  urine  was 
very  small,  and  then  the  chloride  of  sodium  was  allowed 
for.  The  amount  of  sugar  also  was  so  small  that  it  was 
difficult  to  tell  when  all  trace  of  blue  colour  was  gone, 
and  some  mostly  remained. 


December  2Gtii.  i 

Hour. 

Total 

Quantity. 

Total  Sugar. 

Total  Urea. 

4 to  5 p.m 

120  c.c. 

5-769 

1-224 

5 to  6 „ 

128  „ 

6-666 

1-190 

6 to  7 „ 

205  „ 

9-318 

1-640  j 

7 to  8 „ 

154  „ 

6-875 

1-185  ' 

December  27th. 

11  a.m,  to  1-30  p.m.  ... 

133  c.c. 

3-228 

1-436 

1-30  to  2-30  p.m 

45  „ 

0-852 

0-567 

2-30  to  3-30  „ 

50  „ 

0-961 

0-700 

5.  Temperature. 

Charts  are  given  to  show  the  variation  in  the  temperature 
each  quarter  of  an  hour,  judged  of  by  a thei’mometor 
placed  in  the  axilla.  In  the  columns  above,  the  amount  of 
sugar,  urea,  chloride  of  sodium,  and  water,  is  given  hourly, 
and  written  down  opposite  to  the  time  at  which  the  urine 
was  collected.  The  hourlv  amount  is  alwavs  given. 
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Hudson. 

October  24tb. — The  patient  finished  dinner  at  ITO. 
He  ate  heartily  of  fish,  bread,  and  potatoes,  and  took  half 
a pint  of  porter.  He  took  nothing  more  till  tea,  which  he 
completed  by  6'45,  and  ate  heartily  of  meat  »nd  bread  and 
butter ; after  this  he  took  nothing  till  after  10  p.m. 

26th. — Breakfasted  exaetly  at  9 ; ate  very  heartily.  At 
4 a.m.,  previous,  he  had  taken  some  tea  and  a little  bread 
and  butter. 

27th. — He  eommenced  his  breakfast  at  7 ; it  consisted 
of  tea  and  toast,  the  tea  with  milk  and  sugar  ; breakfast 
very  good. 

28th. — Breakfasted  at  7*30  ; he  ate  six  eggs  for  breakfast, 
and  less  bread  than  usual.  Dined,  at  1,  on  meat,  bread, 
and  potatoes,  and  half  a pint  of  beer ; he  ate  heartily. 
Tea  at  5,  very  good. 

At  6 p.m.  the  temperature  rose  suddenly  to  100 and, 
in  a few  minutes,  fell  again  to  99  3°.  The  rise  followed  after 
a cup  of  tea,  by  no  means  hot.  A similar  rapid  rise,  and 
subsequent  fall,  after  drinking,  was  noticed  on  another  oc- 
casion. 

These  charts  require  no  remarks,  as  they  speak  for 
themselves.  Suffice  it  to  say,  that  the  temperature  of 
the  axilla  was  taken  by  an  accurate  thermometer,  graduated 
into  fifths. 
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These  observations  were  made  on  inmates  of  the  Hos- 
pital for  Sick  Children.  The  patients  were  under  the  care 
of  Dr.  West,  Dr.  Jenner,  and  Dr.  Hillier.  I beg  to  avail 
myself  of  this  opportunity  of  thanking  these  gentlemen  for 
affording  me  every  facility  in  the  prosecution  of  these  in- 
vestigations. 

These  experiments  were  undertaken  to  ascertain  what 
relationship  exists  between  the  urinary  excreta  and  the  tem- 
perature in  scarlet  fever ; and  this  paper  is  intended  to  be  a 
sequel  of  my  former  paper  on  ^ Ague’  published  by  this 
Society. 

The  temperature  is  given  in  charts.  The  variations  of 
each  day  are  separated  from  each  other  by  a red  line,  and 
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at  the  head  of  the  column  thus  formed  the  day  of  the 
disease  is  given. 

Above  the  temperature,  five  columns  are  given  ; the  first, 
gives  the  hour  of  the  day ; second,  gives  the  day  of  the 
month  ; third,  the  daily  amount  of  urea;  fourth,  the  daily 
amount  of  chloride  of  sodium ; fifth,  the  daily  amount  of 
urinary  water.  The  urea  and  chloride  of  sodium  are  given 
in  grammes  ; the  urinary  water  in  cubic  centimetres. 

The  urine  was  analysed  daily  ; and  the  amounts  of  the 
different  constituents  for  twenty-four  hours  are  put  down 
on  the  day  on  which  the  urine  was  collected,  and  therefore 
belong  to  the  previous  day  ; thus,  when  subsequently  I refer 
to  the  urine  of  any  day,  I of  course  mean  the  urine  col- 
lected on  the  morning  of  the  following  day. 

The  urea  and  chloride  of  sodium  were  analysed  by  Liebig’s 
volumetric  method.  The  chloride  of  sodium  was  not  got 
rid  of,  but  the  usual  allowance  was  made  in  estimating  the 
quantity  of  urea. 

The  following  are  the  subjects  treated  of  : — 1st.  The  tem- 
perature and  its  relationship  to  the  urinary  excreta.  2nd. 

The  urea.  3rd.  The  chlorides.  4th.  The  urinary  water. 

«/ 

5th.  The  albumen  in  the  urine.  6th.  The  blood  in  the 
urine.  7th.  A cycle  in  disease.  8th.  A cycle  in  health, 
and  its  relation  to  the  cycle  in  disease. 

On  the  temperature  in  scarlet  fever. 

The  duration  of  the  elevation  of  the  temperature  varies ; 
thus,  in  seven  cases  it  fell  on  the  fifth  day  of  the  disease,  in 
four  cases  on  the  tenth  day,  in  two  cases  on  the  fifteenth 
day,  in  one  case  on  the  twentieth  day,  in  two  cases  on  the 
fourth  day,  in  one  case  on  the  sixth  day,  and  in  two  other 
cases  the  temperature  fell  so  gradually,  that  it  was  impossible 
to  say  exactly  on  which  day  it  reached  its  normal  point. 

It  thus  appears  that  in  the  large  majority  of  cases  the 
temperature  falls  on  the  fifth,  tenth,  fifteenth,  or  twentieth 
day,  that  is  either  on  the  fifth  or  a multiple  of  the  fifth 
day  of  the  disease ; so  constant  indeed  is  this,  that  if  the 
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temperature  should  remain  high  on  the  fifth,  tenth,  or 
fifteenth  day,  we  may  look  forward  to  a continuation  of  the 
fever  for  another  five  days.  Further,  in  those  cases  in 
which  the  temperature  continues  high  till  the  tenth,  fifteenth, 
or  twentieth  day,  it  generally  experiences  a depression  on 
the  fifth  day  preceding  its  complete  fall ; for  instance,  if 
the  temperature  falls  permanently  on  the  fifteenth  day, 
there  generally  occurs  a depression  of  variable  amount  on 
the  fifth  and  tenth  days. 

After  each  of  these  falls  the  temperature  may  rise  again, 
reaching  a point  during  the  second  five  days,  as  high  as,  or 
higher  than  it  did  during  the  first  five  days,  as  in  Cases  8, 
17,  18,  and  22.  In  other  cases,  after  the  fall  on  the  fifth 
day,  the  temperature  remains  at  this  point  till  the  following 
tenth  day,  on  which  clay  it  experiences  another  abrupt  fall, 
or  it  may  gradually  decline,  passing  almost  imperceptibly 
into  the  normal  temperature,  reaching  this  point  on  the 
tenth  day,  as  in  Cases  5,  7,  16,  8. 

Each  of  these  falls  in  the  temperature  is  accompanied  by 
an  improvement  in  the  state  of  the  patient,  which  is  always 
in  proportion  to  the  extent  of  the  fall.  If  the  temperature 
again  rises,  the  patient  again  relapses,  hut  if  it  remains  at 
the  point  it  reached  at  its  first  fall  the  improvement  is  per- 
manent. 

The  temperature  does  not  usually  attain  the  same  height 
daily  during  each  of  the  five  days,  but  the  point  reached 
gradually  increases  during  the  second  and  third  days,  and 
then  falls  again  towards  the  fifth  ; in  some  cases,  however, 
it  goes  on  increasing  till  the  fourth  day,  and  then  ex- 
periences an  abrupt  fall  on  the  fifth.  It  thus  appears  that 
the  temperature  {i.  e.  the  fever)  forms  arcs  or  cycles,  lasting 
over  a period  of  five  days.  The  height  the  temperature  at- 
tained varied  greatly  in  different  cases  ; in  some  the  elevation 
was  just  appreciable,  in  others  it  reached  105°  Fahr. 

Of  seventeen  cases  that  came  early  under  notice,  the 
average  maximum  temperature  was  a little  over  103°.  As 
might  be  expected,  the  temperature  reached  a higher  point 
in  the  cases  of  long  duration. 
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In  some  cases  tlie  highest  elevation  was  attained  on  the 
first  day,  but  in  the  severer  cases  it  generally  reached  its 
highest  point  on  the  second  or  third,  and  perhaps  not  till 
the  sixth  or  even  the  eleventh  day. 

Subsequent  to  the  great  fall  experienced  on  the  fifth, 
tenth,  or  fifteenth  daj^,  the  temperature  often  remained  over 
a variable  period  rather  too  high,  the  period  being  in  some 
cases  fourteen  or  fifteen  days  ; the  degree  of  elevation  also 
varied,  in  some  cases  (Case  1)  being  between  100°  and  101°, 
but  more  frequently  between  99°  and  100°.  This  slighter 
elevation  of  the  temperature  in  most  cases  formed  cycles 
of  five  days,  as  in  Cases  2,  6,  10,  and  11.  In  Case  11 
this  occurred  after  the  second  elevation  on  the  twenty- 
sixth  day.^ 

This  slight  subsequent  elevation  of  the  temperature,  if  of 
any  persistence,  is  coincident  with  a continuance  of  the 
lesions  produced  by  the  scarlet  fever  ; as,  for  instance,  of  the 
sore  throat,  or  of  the  enlargement  of  the  gland,  or  from  dis- 
charge from  the  ears,  &c. 

There  is  no  connection  between  the  duration  of  the  primary 
high  temperature  and  the  subsequent  slighter  one  ; thus,  it 
can  be  seen  (Case  1)  that  in  some  cases,  where  the  great 
fall  in  the  temperature  occurred  on  the  fifth  day,  a long 
subsequent  slight  elevation  occurred  ; it  must,  therefore,  have 
depended  on  the  constitutional  state  of  the  patient.  It  cer- 
tainly sometimes  precedes  BrighCs  disease. 

At  a variable  period  after  the  scarlet  fever,  a subsequent 
high  rise  in  the  temperature  not  unfrequently  occurred,  due 
to  intercurrent  disease.  In  many  cases  the  nature  of  the 
intercurrent  disease  was  determined,  in  other  cases  nothing 
capable  of  causing  the  elevation  of  the  temperature  could  be 
discovered. 

The  day  of  the  disease  (counting  from  the  commencement 
of  the  scarlet  fever)  varied.  In  the  cases  of  albuminuria 


' It  must  be  borne  in  mind  that  in  counting  the  second  cycle  of  five 
days  we  must  not  take  in  the  day  of  the  fall,  as  this  belongs  to  the  pre- 
vious cycle,  but  must  begin  to  count  from  the  day  after  this. 
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it  began  on  the  seventh,  nineteenth,  twentieth,  twenty. third, 
twenty-ninth,  and  thirty-third  days. 

In  those  cases  in  which  the  elevation  was  probably  due 
to  heart  disease,  it  began  on  the  eighth  day.  In  those 
cases  in  which  the  cause  could  not  be  determined,  it  began 
in  one  case  on  the  eighth  and  in  the  other  on  the  tenth. 
In  one  case  of  urticaria  and  chicken-pox  it  began  on  the 
sixth  day.  In  a case  of  tuberculosis,  on  the  ninth.  The 
degree  of  the  elevation  of  the  temperature  varied  thus  : 

4 cases  ranged  between  102'^  and  103° 

3 „ „ 103°  and  104° 

4 „ „ 104°  and  105° 

1 case  it  was  . 105^°. 

The  duration  of  the  elevation  varied ; thus,  in — 

2 cases  the  temperature  fell  on  the  second  day. 


1 case 

>3 

53 

fourth  day. 

3 cases 

33 

33 

fifth  day. 

1 case 

53 

33 

sixth  day. 

1 » 

33 

33 

tenth  day. 

1 » 

33 

33 

eleventh  day. 

1 „ 

33 

33 

thirteenth  day. 

The  cause  of  the  elevation  also  varied. 

In  6 cases  it  was  due  to  albuminuria. 

In  1 case  ,,  tuberculosis. 

In  1 „ „ chicken-pox. 

In  2 cases  j,  heart  disease. 

In  2 ,,  it  was  uncertain. 

On  examining  the  previous  cases,  it  will  be  seen  that  the 
rise  in  the  temperature  due  to  an  intercurrent  disease 
either  fell  on  the  fifth  day  from  the  commencement  of  its 
rise,  or  on  the  fifth  day  from  the  commencement  of  the 
scarlet  fever ; that  is  to  say,  the  secondary  rise  in  some 
cases  adopts  the  cycle  existing  previously,  or  checks  this 
and  determines  another. 

Thus,  in  Case  1 the  elevation  lasted  five  days,  and  fell  on 
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the  twenty-seventh  day  of  the  disease,  counting  from  the 
commencement  of  the  scarlet  fever. 

In  Case  17  the  elevation  fell  on  the  fifth  and  tenth  days 
from  its  own  commencement,  and  as  it  began  on  the  sixth 
day  of  the  scarlet  fever,  it  fell  on  the  fifteenth  day  of  that 
disease. 

In  Case  19  the  secondary  elevation  fell  on  the  fifth  day 
from  its  own  commencement. 

In  Case  22  it  fell  on  the  fifth,  tenth,  and  twentieth  days 
from  its  own  commencement,  and  on  the  twelfth,  seven- 
teenth, and  twenty-seventh  of  the  scarlet  fever.  In  this 
case  I have  counted  the  second  rise  from  the  eighth  day,  the 
two  previous  days  being  part  of  a previous  cycle  of  the  scarlet 
fever. 

In  the  following  cases  the  elevation  caused  by  the  inter- 
current disease  lasted  a variable  number  of  days,  but  fell 
on  the  fifth  day,  counting  from  the  commencement  of  the 
scarlet  fever. 

Case  6. — It  fell  on  the  fourth  day  from  its  own  commence- 
ment, on  the  tenth  from  the  commencement  of  the  scarlet 
fever. 

I 

Case  12. — It  fell  on  the  second  day  from  its  own  com- 
mencement, on  the  twentieth  from  the  commencement  of 
the  scarlet  fever. 

Case  20. — It  fell  on  the  thirteenth  day  from  its  own  com- 
mencement ; on  the  twentieth  from  the  commencement  of 
the  scarlet  fever. 

In  this  case  I have  considered  the  second  rise  due  to  the 
intercurrent  disease ; to  begin  on  the  eighth  day,  and  the 
two  previous  days  to  belong  to  the  previous  cycle  of  the 
scarlet  fever. 

Case  25. — It  fell  on  the  second  day  from  its  own  com- 
mencement; on  the  twentieth  from  the  commencement  of 
the  scarlet  fever. 

Case  26. — It  fell  on  the  sixth  day  from  its  own  commence- 
ment ; on  the  fifteenth,  and  again  on  the  twentieth,  from 
the  commencement  of  the  scarlet  fever. 

It  is  thus  seen  that  the  subsequent  rise  in  the  temperature 
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due  to  intercurreiit  inflammations,  &c.,  strictly  follow  out 
the  cyclical  law,  only  one  exception  occurring;  this  was 
Case  23,  in  which  the  temperature  fell  on  the  sixth  clay 
from  the  commencement  of  the  secondary  rise,  and  on  the 
thirteenth  day  from  the  commencement  of  the  scarlet  fever. 

Sometimes  after  the  fever  had  declined  a sudden  slight 
elevation  occurred,  limited  to  one  day,  and  often  to  a few 
hours  of  the  day,  the  patient  being  next  day  in  the  usual 
health  and  the  temperature  normal. 


In  1 case  it  rose  to  102|  on  the  twenty-fifth  day, 

In  1 „ „ lOOi  „ fifteenth  day, 

In  1 „ „ 101  „ eleventh  day, 


Countiu^rom 
the  comnrence- 
I ment  of  the 
scarlet  fever. 


On  the  daily  variations  of  the  temperature. — In  some 
cases  the  temperature  remained  at  much  the  same  height 
throughout  the  day ; in  other  cases  it  fell  a variable 
amount  in  the  morning,  and  again  rose  during  the  day, 
forming  a daily  arc  or  cycle.  The  former  generally  oc- 
curred in  the  severer  cases  and  at  the  commencement  of  the 
disease,  and  the  latter  at  the  termination,  and  may  be  taken 
as  a sign  of  improvement.  The  time  of  the  day  at  which 
the  temperature  reached  its  highest  point  varied  between 
9 a.m.  and  11  p.m. ; from  2 to  8 appears  to  be  the 
most  frequent  hours.  Two  patients  died  from  the  immediate 
effects  of  the  fever ; one  died  on  the  fourth  day  of  the 
disease;  one  died  on  the  eighth  day  of  the  disease. 


On  the  urea. 

From  the  above  cases  it  appears  that  the  quantity  of  urea 
undergoes  no  increase  with  the  elevation  of  the  temperature, 
that  is,  during  the  fever  days.  If,  indeed,  we  accept  *800 
grms.  of  urea  per  kilogramme  of  weight  as  the  amount 
normal  per  diem  in  children,  it  often  suffered  a great  dimi- 
nution. 

It  may,  however,  be  objected  that  this  is  too  high;  and, 
secondly,  that  in  many  of  the  previous  cases  the  urea  falls 
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with  the  decline  of  the  temperature,  and  that  this  shows  that 
it  had  previously  undergone  an  increase. 

It  may  be  fairly  assumed,  I think,  that  the  amount  of 
urea  voided  by  these  patients  during  the  last  ten  or  fifteen 
days  of  their  residence  in  the  hospital  was  not  in  excess  of 
the  quantity  in  health,  especially  where  the  examination 
extended  over  a long  period  (thirty  or  forty  days),  at  which 
time  the  quantity  of  urea  could  not  have  been  affected  by 
any  previous  retention  during  the  fever.  Indeed,  it  appears 
to  me  that,  leading  a quiet,  hospital  life,  and  often  spending 
the  tipie  in  bed,  that  this  amount  is  too  low ; but  even 
accepting  this  amount  as  normal  to  the  patient,  on  no  occa- 
sion was  the  quantity  of  the  urea  increased  during  the  ele- 
vation of  the  temperature;  often,  indeed,  it  was  below  it.  This 
is  shown  in  the  following  table,  in  which  I have  first  given 
the  daily  average  amount  of  urea  per  kilogramme  of  the 
fever  days,  and  that  of  several  of  the  last  days  during  which 
the  analyses  were  made. 


Case  3. 
Case  4. 
Case  10. 

53 

Case  18. 

95 

Case  20, 

95 


From  the  second  to  the  fourth  day  inclusive  . 0 477 

„ tenth  to  the  twenty-eighth  day  inclusive  0 687 
„ sixth  to  the  ninth  day  inclusive  . 0 527 

„ nineteenth  to  the  thirty-second  day  inclus.  0 706 

,,  second  to  the  third  day  inclusive  . 0'569 

„ twelfth  to  the  twenty-seventh  day  inclus.  0'642 

„ second  to  the  thirteenth  day  inclusive  . O'o52 

„ twentieth  to  the  thirty-first  day  inclusive  0 634 

,,  tenth  to  the  twelfth  days  inclusive  . 0 o61 

,,  twentieth  to  the  thirty-sixth  day  inclusive  0‘o51 


That  the  subsequent  decrease  iu  the  amount  of  the  urea 
is  not  due  to  the  decline  of  the  temperature  is  seen  in  some 
cases,  as  the  I8th  and  20th,  in  which  the  urea  falls  about 
the  same  time  as  in  the  other  cases,  in  spite  of  a continuation 
of  the  elevation  of  the  temperature,  as  the  temperature  in 
these  cases  continued  high  a long  time  after  the  decline  of 
the  urea ; this  disassociation  of  the  urea  and  the  temperature 
plainly  shows  that  the  decrease  in  the  amount  of  the  urea  is 
independent  of  the  temperature,  and  therefore  their  occa- 
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sionally  occurring  at  the  same  time  in  no  way  shows  tliat 
there  was  an  increased  elimination  during  the  fever. 

After  the  first  few  days  the  urea  invariably  falls,  reaching 

point  often  considerably  below  the  normal  amount;  thus,  in — 

\ 

Case  1.  The  average  dally  amount  per  kilogramme,  from  the 

sixth  to  the  fourteenth  day  inclusive,  was  . . 0 417 

,,  The  normal  amount  was  . . . 0 642 

Case  3.  The  average  daily  amount  per  kilogramme,  from  the 

sixth  to  the  ninth  day  inclusive,  was  . . 0 400 

„ The  normal  amount  was  . . . . 0 687 

Case  4.  The  average  daily  amount  per  kilogramme,  from  the 

eighth  to  the  fourteenth  day  inclusive,  was  . 0 422 

,,  The  normal  amount  was  . . . . 0’706 

Case  10.  The  average  daily  amount  per  kilogramme  from  the 

fourth  to  the  eleventh  day  inclusive,  was  . . 0‘457 

„ The  normal  amount  was  . . . .0  642 

Case  18.  The  average  daily  amount  per  kilogramme,  from  the 

fifth  to  the  sixth  day  inclusive,  was  . . 0'439 

„ The  normal  amount  was  ....  0 634 

Case  20.  The  average  daily  amount  per  kilogramme,  from  the 

tenth  to  the  nineteenth  day  inclusive,  was  . . 0 41 7 

„ The  normal  amount  was  ....  0 551 

A diminution  of  this  kind  usuallv  occurs  after  the  sub- 
sidence  of  fevers,  due  probably  to  the  appetite  not  being  com- 
pletely restored,  and  also  to  the  food  being  more  thoroughly 
assimilated  and  tissue  change  not  being  so  active. 

But  in  these  cases  of  scarlet  fever  the  above  explanation 
will  not,  I think,  hold ; for,  first,  the  diminution  in  the 
urea  usually  lasts  only  over  a few  days  after  other  fevers, 
whilst  in  these  cases  it  often  remained  for  many.  Secondly, 
we  have  previously  seen  that  there  is  no  increase  in  the 
amount  of  the  urea  coincident  with  the  increase  in  the 
temperature,  and  thus,  probably,  there  is  retention  in  the 
system,  either  of  urea  or  some  product  capable  of  producing 
urea.  In  similar  cases  of  retention  in  typhoid  fever  we 
have  a subsequent  increase  in  the  amount  of  the  urea, 
instead  of  the  diminution.  Thirdly,  it  has  been  before 
stated  that  the  great  diminution  occurs  quite  independently 
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of  the  temperature,  sometimes  even  when  the  temperature 
for  several  da^^s  remains  at  even  103°. 

Tlius  I have  tried  to  show  that — First,  there  is  no  in- 
crease in  the  amount  of  urea  during  the  fever.  Second, 
that,  subsequent  to  the  fever,  there  is  a great  diminution  of 
the  urea,  &c.  Third,  that  this  diminution  cannot  be  ex- 
plained in  the  usual  manner.  May  the  following  be  the 
explanation — namely,  that  the  contagion  has  a similar  action 
on  the  kidneys  to  that  on  the  skin,  tongue,  and  fauces,  for 
we  find  in  the  urine  epithelium  from  the  bladder,  pelvis 
of  the  kidney,  and  from  the  kidney  itself,  during  the  fever 
days.  It  may  be  objected  that  the  impaired  functional 
activity  of  the  kidneys  lasts  longer  than  the  rash,  but  the 
organs  involved  do  not  at  once  recover  their  normal  condi- 
tion on  the  disappearance  of  the  rash,  as  is  seen  in  the  case 
of  the  tongue  and  fauces. 

In  most  of  the  cases,  especially  where  the  convalescence 
was  slow,  the  children  became  puffy  about  the  face,  there 
being,  however,  no  pitting  on  pressure ; this  occurred  with- 
out the  appearance  of  albumen  or  blood  in  the  urine ; per- 
haps this  may  be  accounted  for  by  the  retention  of  urea  in 
these  cases  being  unusually  marked. 

On  the  occurrence  of  acute  BrighFs  disease  after  the 
fever  the  urea  was  variously  affected  : in  some  cases  it  was 
greatly  diminished  in  quantity. 

Case  1. — The  temperature  rose  on  the  twenty-third  day 
to  102|°,  and  then  gradually  fell  during  the  following  three 
days;  on  the  fifth  day  it  was  normal  again.  Daily  average 
amount  per  kilogramme,  from  the  sixth  to  the  twenty-first 
days  inclusive,  0’464.  During  the  following  four  fever 
(inflammatory)  days,  0'373.  The  urea  immediately  regained 
its  full  quantity  ; thus,  from  the  twenty-seventh  to  the  thirty- 
fifth  it  was,  per  kilogramme,  0 641. 

In  the  above  case  the  albumen  never  amounted  to  more 
than  a mere  trace,  and  thus,  probably,  did  not,  to  an  appre- 
ciable degree,  interfere  with  the  quantitative  analysis  ; the 
albumen  lasted  only  during  the  five  days  of  elevation  of 
temperature,  and  hence,  if  it  had  any  effect  on  the  analysis. 
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it  must  be  to  give  too  great  an  amount  of  urea,  and  thus 
the  diminution  in  the  amount  of  urea  will  be  greater  than 
that  given. 

Case  12. — In  this  case,  on  the  occurrence  of  the  inflam- 
mation, blood  (with  a very  large  amount  of  albumen)  was 
found  in  the  urine  ; the  albumen  was  removed  by  animal 
charcoal.  The  rise  in  the  temperature  occurred  on  the 
nineteenth  day  (105)  ; on  the  following  day  it  fell  to  99 
again.  From  the  eighth  to  the  eighteenth  days  inclusive, 
average  daily  amount  of  urea  was  9T85.  On  the  twenty- 
second  day  it  was  1*875  ; on  the  twenty-third  day  it  was 
0-510. 

I have  given  the  total  amount  above,  not  the  quantity 
per  kilogramme,  as  they  are  so  small  during  the  above  two 
days. 

Case  24. — The  urea  was  estimated  quantitatively  only 
till  the  twelfth  day  ; after  this  it  was  discontinued  till  the 
sixty-third  day,  but,  during  the  time,  the  patient  had  a 
severe  attack  of  BrighCs  disease,  with  much  blood  and  a 
large  amount  of  albumen.  On  the  fiftieth  day  she  was 
much  improved,  on  the  sixty-first  there  was  scarcely  any 
anasarca,  and  from  the  sixty-third  to  the  sixty-eighth  the 
merest  trace  of  albumen  in  the  urine.  Average  daily  amount 
of  urea,  per  kilogramme,  from  the  fifth  to  the  twelfth  days 
inclusive,  0*582.  Average  daily  amount  of  urea  per  kilo- 
gramme, from  the  sixty-third  to  the  sixty-eighth  days  inclu- 
sive, 0*268. 

The  last  case  not  only  shows  how  large  the  diminution 
often  is,  but  that  it  may  continue  over  a very  long 
period,  and  long  after  active  disease  in  the  kidney  has 
ceased. 

Case  25. — Observations  were  made  for  eight  days ; on 
each  day  there  was  a variable  amount  of  albumen,  which  was 
removed  by  animal  charcoal ; the  temperature  on  three  occa- 
sions rose  gradually,  over  a space  of  three  days,  from  normal 
to  105  ; the  urea  showed  no  corresponding  increase  on  these 
days.  The  average  daily  amount  for  the  eight  days  was 
only  10*241  grains.  His  weight  was  not  taken,  but  assum- 
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iug  26  kilograrames,  for  each  kilogramme  there  was 
0’093  grms. 

In  other  cases  no  diminution  occurred  on  the  occurrence 
of  the  inflammation;  thus,  C^ise  25,  on  the  twenty-ninth  day, 
Briglit^s  disease  supervened,  judging  by  the  sudden  eleva- 
tion of  the  temperature,  and  the  appearance  of  albumen  and 
blood  in  the  urine,  yet,  notwithstanding,  the  amount  of  urea 
continued  as  it  was  before  or  very  nearly  so.  Thus,  from 
the  sixteenth  to  the  twenty-eighth  days  inclusive,  the  average 
daily  amount  per  kilogramme  was  0*523  grms.  From  the 
twenty-ninth  to  the  thirty-fourth  inclusive  it  was  0*488  grms. 


On  the  chlorides. 

The  chlorides  were  never  absent  from  the  urine  that  was 
analysed;  the  quantity,  however,  was  always  much  diminished 
during  the  fever  days;  thus,  in — 

Case  3,  the  daily  average  amount  per  kilogramme,  from  the 

second  to  the  fourth  day,  was  . . . 0 032 

Case  10,  the  daily  average  amount  per  kilogramme,  from  the 

second  to  the  fourth  day,  was  . . . 0 054 

Case  20,  the  daily  average  amount  per  kilogramme,  from  the 

first  to  the  fourteenth  day,  was  . . . 0 080 

Case  24,  the  daily  average  amount  per  kilogramme,  from  the 

fifth  to  the  twelfth  day,  was  . . . 0 093 

During  the  three  or  four  days  following  the  fever  the 
quantity  of  chloride  increased  gradually ; thus,  in 

Case  3,  the  average  daily  amount  per  kilogramme,  from  the 

fifth  to  the  eleventh  day,  was  . . . 0'093 

Case  10,  the  average  daily  amount  per  kilogramme,  from  the 

fifth  to  the  eleventh  day,  was  . . .0  125 

After  this  they  became  normal  in  quantity;  thus,  in 

Case  3,  the  average  daily  amount  per  kilogramme,  from  the 

tenth  to  the  twenty-fifth  day,  was  . . . 0 210 

Case  10,  the  average  daily  amount  per  kilogramme,  from  the 

thirteenth  to  the  twenty-seventh  day,  was  . . 0 228 
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In  one  case  of  Briglit^s  disease  the  chlorides  suffered 
scarcely  any  diminution  in  their  quantity  during  the  fever 
days ; thus,  in  Case  1 — 

Average  daily  amount  per  kilogramme,  from  the  twenty-third 

to  the  twenty-sixth  day  (fever  days)  . . . O’llO 

Average  daily  amount  per  kilogramme,  from  the  twenty- 

seventh  to  the  thirty-fourth  day  (non-fever  days)  . O' 134 

It  still  remains  doubtful  whether  the  chlorides  are  elimi- 
nated as  a secretion,  or  merely  as  a solution  in  the  urinary 
water;  if  it  be  secreted  by  the  kidney  through  any  dimi- 
nution in  the  secretive  power  of  the  kidney,  it  should  show 
itself  in  a diminution  of  the  amount  of  the  chloride  of 
sodium. 

In  the  case  given  above  there  was  a decided  diminution 
in  the  amount  of  urea  during  the  fever  days  of  BrighCs 
disease,  and  this,  I have  attempted  to  show,  was  due  to 
diminution  in  the  secretive  power  of  the  kidney.  But  in 
this  case  the  chloride  of  sodium  was  scarcelv  diminished  ; 
thus,  this  single  case  would  go  to  show  that  the  urea  passes 
out  in  the  form  of  a solution.  The  close  relationship  also 
between  the  amount  of  chloride  and  the  urinary  water  tends 
to  prove  the  same  conclusion. 


On  the  urinary  water. 


During  the  fever  days  the  amount  of  urinary  water  varies 
very  greatly  ; thus,  in — 


Case  10,  the  average  daily  amount  per  kilogramme  was  11  c.c. 
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During  the  subsequent  non-fever  days  the  amount  also 
varied  somewhat ; thus,  in — 
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Case  2,  the  average  daily  amount  per  kilogramme  was  17  c.e. 
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These  last  quantities  may,  I think,  be  taken  as  the 
amount  usual  per  kilogramme  in  children ; this  gives  an 
average  of  24  6.  I am  aware  this  is  much  below  the 
amount  usually  received ; thus.  Dr.  Parkes^  gives  59  c.c. 
The  above  quantity  agrees  very  closely  to  the  amount  given 
by  Dr.  Parkes  per  kilogramme  in  adults. 

If  this  assumption  be  correct,  it  follows  that  often, 
during  the  fever  days,  there  is  no  decline  in  the  amount  of 
urinary  water,  and  in  some  cases  there  is  a very  large 
excess. 


On  the  albumen  in  the  urine. 

The  albumen  appears  at  two  different  periods  ; first,  during 
the  fever,  and  second,  later — about  the  third  week — at  which 
time  it  is  often  much  larger  in  quantity,  longer  in  its  dura- 
tion, and  accompanied  by  a second  elevation  of  the  tem- 
perature. 

1st.  Its  appearance  during  the  fever  days,  out  of  twenty- 
one  cases  in  which  the  urine  was  examined. — In  only  one  did 
any  albumen  occur ; it  was  slight  in  amount,  and  was  present 
on  the  fifth  and  sixth  days.  It  must  be  borne  in  mind, 
however,  that  in  many  of  these  cases  several  of  the  fever 
days  had  elapsed  before  their  admission. 

2nd.  Its  appearance  during  convalescence  of  eighteen 
patients  who  were  in  the  hospital  for  a considerable  time. — 
Seven  had  albumen  during  the  period;  three  other  cases  are 
given;  these  were  admitted  with  albuminuria. 


^ ‘ On  Urine,’  p.  44. 
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The  time  of  its  appearance  varied;  thus  — 

In  Case  6 it  appeared  on  the  ninth  day. 

,,  2d  „ eighteenth  day, 

„ 12  „ twentieth  day. 

„ 1 and  19  „ twenty-third  day. 

„ 11  it  first  appeared  on  the  eleventh  day,  but  after  a day 

or  two  it  discontinued,  and  reappeared  on  the 
twentieth. 

The  duration  of  the  albuminuria  varied ; thus  in — 

Case  1,  it  lasted  three  days. 


6, 

eleven  days. 

25, 

99 

twenty  days. 

lb 

M 

more  than  twenty-seven  days. 

>9 

19, 

99 

,,  forty-three  days. 

12, 

99 

„ forty-nine  days. 

Taking  the  elevation  of  the  temperature  as  a test  of  the 
severity  of  the  inflammation,  it  is  seen  that  there  is  no 
necessary  connection  between  the  intensity  and  duration  of 
the  inflammation  and  the  duration  of  the  albumen  in  the 
urine.  This  can  be  seen  by  comparing  the  following  table 
with  the  one  above : 

Case  1,  the  temperature  reached  102,  and  lasted  four  days. 


59 

6, 

9) 

103, 

9> 

three  days. 

95 

25, 

99 

104, 

99 

one  day. 

99 

19, 

99 

102b 

99 

four  days. 

9> 

12, 

99 

105, 

99 

one  day. 

Moreover,  there  is  no  necessary  relationship  between  the 
temperature  and  the  amount  of  the  albumen.  This  can  be 
seen  by  comparing  the  following  table  with  the  one  above  : 

Case  1,  very  slight  trace. 

„ 6,  an  enormous  amount. 

„ 25,  very  slight  trace, 

„ 19,  very  large  quantity. 

„ 12,  a large  quantity. 

The  albumen  appears  in  the  urine  very  soon  after  the 
elevation  of  the  temperature;  thus,  in  — 
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Case  1,  the  temperature  rose  on  the  twenty-third  day  ; albumen 
appeared  on  the  twenty-third  day. 

Case  6,  the  temperature  rose  on  the  seventh  day ; albumen  ap- 
peared on  the  ninth  day. 

Case  11,  the  temperature  rose  on  the  eleventh  day;  albumen 
appeared  on  the  eleventh  day. 

Case  12,  the  temperature  rose  on  the  nineteenth  day;  albumen 
appeared  on  the  twentieth  day. 


On  blood  in  the  urine. 

Relationship  between  the  elevation  of  the  temperature  and 
the  appearance  of  blood  in  the  urine  : 

1st.  No  blood  may  follow  the  rise  of  the  temperature. 
Case  1,  there  was  no  blood.  Case  6,  never  smoky ; urine 
not  examined  microscopically. 

2nd.  In  those  cases  in  which  blood  appeared  its  appear- 
ance was  always  preceded  by  a rise  in  the  temperature. 
Case  11,  temperature  rose  on  the  twentieth  day;  blood 
appeared  on  the  twenty-first.  Case  12,  temperature  rose  on 
the  nineteenth  day;  blood  appeared  on  the  twentieth.  Case 
25,  temperature  rose  on  the  twenty-ninth  day;  blood  appeared 
on  the  twenty-ninth. 

The  blood  in  some  cases  continued  long  after  the  decline 
of  the  temperature ; thus,  the  continuance  of  blood  cannot 
be  taken  as  evidence  of  a continuation  of  the  inflammatory 
action  of  the  kidney;  thus,  in  Case  11,  the  temperature  fell 
on  the  twenty-seventh ; the  blood  continued  in  the  urine  till 
the  thirty-seventh  day.  Case  12,  the  temperature  fell  on 
the  twentieth ; the  blood  continued  in  the  urine  till  the 
twenty-first  day.  Case  19,  the  temperature  fell  on  the 
thirty-seventh  ; the  urine  contained  blood  till  after  the  sixty- 
fifth  day.  Case  25,  the  temperature  fell  on  the  thirtieth 
day ; the  urine  contained  blood  till  the  forty-first  day. 
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Relationship  between  the  blood  and  the  amount  of  albumen  in 

the  urine. 

1st.  A very  large  amount  of  albumen  may  occur  in  the 
urine  without  any  blood,  as  in  Case  6. 

2nd.  Blood,  even  to  a large  amount,  may  exist  with  the 
slightest  trace  of  albumen;  and  if  the  blood-corpuscles  be 
allowed 'to  settle  to  the  bottom  of  the  vessel,  the  supernatant 
fluid  may  give  no  evidence  of  any  albumen  by  heat  and 
nitric  acid,  as  in  Cases  25  and  30. 

The  cases  given  were  seldom  dropsical  to  the  extent  of 
pitting  ; they,  however,  often  looked  puffy  in  the  face.  Seven 
cases  gave  no  pitting  on  pressure ; one  case  very  slight ; one 
case  the  body  pitted  deeply  on  pressure. 

In  some  cases  the  second  elevation  of  the  temperature 
was  followed  by  a puffiness. 

In  one  case  the  patient  was  puffy  about  the  face,  with- 
out any  elevation  of  the  temperature  or  other  evidence  of 
BrighCs  disease. 

In  some  cases  the  puffiness  about  the  face  preceded  the 
rise  of  the  temperature  one  or  two  days.  In  other  cases 
the  rise  in  the  temperature  preceded  the  puffiness^  for  a 
variable  number  of  days ; thus,  in  Case  6,  six  days  ; Case 
11,  three  days;  Case  12,  one  day. 

On  a cycle  in  disease. 

In  these  cases  it  appears  that  the  temperature  does  not 
run  an  equable  course,  neither  remaining  at  the  same  tem- 
perature throughout,  nor  observing  a period  of  elevation 
and  decline,  but  forms  arcs  or  cycles  composed  of  a variable 
number  of  days,  each  cycle,  however,  being  composed  of 
the  same  number  of  days  in  the  same  patient. 

We  see  from  the  cases  given  that  no  number  of  days 

* When  I use  the  term  puffy,  there  was  no  pitting  of  the  body  on 
pressure. 
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composing  the  cycle  is  peculiar  to  any  disease,  but  that  five 
days  is  the  most  common  in  all. 

In  rare  cases,  in  the  same  patient  the  number  of  days 
composing  the  cycle  may  change. 

For  a further  account  of  the  cycle  in  disease,  I must 
refer  to  the  account  given  of  the  temperature. 

On  a cycle  in  health. 

« 

We  have  seen  that  in  fevers  the  temperature  forms  cycles, 
and  as  the  variations  in  the  temperature  are  due  to  the 
variations  in  the  amount  of  tissue  change,  it  follows  that  we 
must  have  a cycle  of  tissue  change.  Does  such  a cycle 
exist  in  health  ? I think  it  probable,  and  that  this  deter- 
mines the  cycles  in  fever,  and  not  the  disease  itself,  for — 

1st.  In  the  same  disease  the  cycle  may  be  composed 
of  a different  number  of  days,  the  cycle,  however,  remaining 
constant  in  the  same  patient.  If  the  disease  determined 
the  cycle,  we  should  expect  it  to  be  composed  of  the  same 
number  of  days  in  all  patients,  whilst  we  can  readily  con- 
ceive different  people  to  have  a different  cycle. 

2nd.  Different  diseases  (as  scarlet  fever,  followed  by 
Bright’s  disease,  heart  disease,  chicken-pox,  &c.),  occurring 
in  the  same  patient,  adopt  the  same  cycle. 

3rd.  Not  unfrequently  after  the  decline  or  during  the 
decline  of  the  scarlet  fever  a second  elevation  of  the  tem- 
perature occurred,  due  to  some  intercurrent  disease.  This 
second  elevation  of  the  temperature  lasted  over  a very 
variable  number  of  days,  but,  with  one  exception,  it  fell  on 
either  a fifth  day  from  its  own  commencement  or  on  a 
fifth  day  from  the  commencement  of  the  scarlet  fever. 

In  the  latter  case  the  intercurrent  elevation  of  tem- 
perature, if  of  some  duration,  forms  cycles,  the  first  of  which 
cycles  only  is  irregular,  the  subsequent  ones  being  composed 
each  of  five  days.  If  the  intercurrent  inflammation  deter- 
mined the  cycle,  we  should  have  expected  its  first  cycle  to 
have  lasted  five  days  also,  instead  of  which  it  appears  to 
adopt  a previously  existing  one ; but  having  commenced  in 
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the  middle^  it  is  composed  of  a shorter  number  of  days. 
This  will  be  more  clearly  shown  by  a typical  case. 

A case  of  scarlet  fever  in  which  the  temperature  forms 
c}"cles  of  five  days,  having  again  fallen  to  the  normal  tempe- 
rature, is  followed  on  the  twenty-second  day  by  another 
elevation,  due  to  intercurrent  disease ; this  experiences  a 
fall  on  the  twenty-fifth,  thirtieth,  thirty- fifth,  and  fortieth 
days  from  the  commencement  of  the  scarlet  fever.  The 
three  last  cycles  of  the  intercurrent  disease  being  each 
composed  of  five  days,  shows  that  the  normal  cycle  is 
one  of  five  days,  and  that  the  one  which  immediately  pre- 
ceded them,  composed  of  only  four  days,  is  irregular,  but 
only  with  regard  to  its  commencement,  as  its  fall  takes 
place  on  a fifth  day  from  the  beginning  of  the  scarlet 
fever. 

The  previous  elevation  of  temperature  of  the  scarlet  fever 
alBfords  data  from  which  we  can  calculate  the  subsequent 
cycles,  and  the  intercurrent  inflammation  corresponds 
exactly  with  these,  with  the  exception  of  the  elevation  of 
temperature  of  the  imperfect  cycle,  which  begins  in  the 
middle  of  one,  showing  that  diseases  adopt  previously 
existing  cycles.  In  the  other  case,  in  which  the  intercurrent 
inflammation  falls  on  the  fifth  day  from  its  own,  and  not 
from  the  fifth  day  from  that  of  the  scarlet  fever,  it  is 
probable  that  the  intercurrent  disease  cuts  short  the  im- 
mediately preceding  cycle,  but  another  one  commencing  it 
adopts  this. 

It  may,  however,  be  said  that  this  cyclical  condition  pre- 
ceding and  influencing  any  subsequent  inflammation  was 
established  by  the  preceding  scarlet  fever ; this  I think 
improbable,  for  the  following  reasons  : 

(a)  If  the  disease  determines  its  cycle,  it  appears  difficult 
to  me  to  conceive  that  it  should  be  amenable  to  the  influence 
of  a previous  disease,  whilst  it  is  readily  explained  by  the 
supposition  that  both  are  influenced  by  a cycle  existing  in 
health. 

(b)  It  is  difficult  to  conceive  how  the  scarlet  fever  should 
affect  the  cycle  of  a subsequent  intercurrent  disease,  occurring 
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as  it  sometimes  did,  so  many  days  afterwards,  in  some  cases 
tlie  subsequent  elevation  not  occurring  till  the  thirtieth 
day. 

(c)  In  a case  of  pneumonia,  the  temperature  of  which 
I took,  the  first  cycle  was  composed  of  six  days ; this  was 
followed  by  a cycle  of  ten  days  (two  five  days^  cycles)  and 
by  a five  days^  cycle.  This  is  a case  similar  to  those  occurring 
after  Bright^s  disease,  in  which  the  elevation  began  probably 
in  the  middle  of  a cycle ; but  in  this  case  there  was  no 
preceding  fever  to  give  rise  to  a cycle  which  could  modify 
the  subsequent  elevation,  and  as  it  began  probably  in  the 
middle  of  a cycle,  of  course  this  implies  its  previous  existence, 
that  is,  in  a state  of  health. 

It  may  be  said  this  cyclical  variation  in  health  can  be  at 
once  put  to  the  test  by  taking  the  temperature  in  health, 
and  seeing  if  any  such  variation  exists.  But  in  speaking  of 
cyclical  changes  of  tissue,  I mean  nitrogenous  tissues  solely, 
of  which  the  temperature  in  fevers  is  the  exponent ; for  in 
fevers  probably  the  hydrocarbons  are  not  at  all  attacked, 
for  it  is  said  the  amount  of  carbonic  acid  is  not  increased, 
and  I have  attempted  to  show  in  a previous  paper  that  in 
ague  the  temperature  holds  the  closest  correspondence  to 
the  amount  of  urea  excreted,  that  is,  to  the  amount  of  nitro- 
genous matter  consumed. 

But  in  health  the  temperature  is  largely  derived  from  the 
combustion  of  the  hydrocarbons  of  the  body,  and  thus  it 
cannot  be  taken  as  a guide  to  the  change  occurring  in  the 
nitrogenous  tissues ; indeed,  in  health  it  is  probable  that  the 
hydrocarbons  and  the  nitrogenous  tissues  are  reciprocal. 

Dr.  Parkes  tells  me  he  has  noticed  that  the  urea  in  Bis- 
choflP^s  and  VoePs  experiments  observed  cyclical  variations. 

Thus,  I think  it  probable  that  in  health  we  have  cycles 
of  tissue  (nitrogenous)  changes,  and  in  fevers  we  have  the 
same  greatly  increased.  But  if  this  correspondence  holds 
good  between  the  cycle  of  health  and  disease,  it  is  probable 
that  it  holds  as  to  the  constituent  parts  of  the  cycle  ; and  if 
so,  we  have  a daily  cycle  in  health  corresponding  to  that  in 
fevers,  but  of  a less  degree. 
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If  the  above  views  be  correct,  it  follows  that  in  fevers 
we  have  but  an  increase  of  the  normal  tissue  change,  ame- 
nable to  the  ordinary  laws  of  health. 

On  the  temperature  in  fevers. 

On  looking  over  the  cases  given,  it  will  be  seen  that  in 
some  the  temperature  remains  almost  permanent  at  an 
elevated  point ; in  others  there  are  daily  elevations  and  falls 
of  variable  intensity ; the  persistence  of  the  elevation  of  the 
temperature  occurs  during  the  most  severe  period  of  the 
fever ; as  it  improves,  the  highest  point  the  temperature 
reaches  may  remain  the  same,  but  the  daily  fall  increases, 
this  being  often  the  earliest  indication  of  improvement. 
This  has  been  already  noticed  in  typhoid,  but  it  also  holds 
good  in  scarlet  fever,  but  to  a less  degree,  partly  owing  to 
the  fever  throughout  its  course  being  severe,  not  having  a 
period  of  slow  increase  and  decline  ; however,  even  under 
these  circumstances,  it  is  not  so  marked  as  in  typhoid  fever. 

The  manner  in  which  the  temperature  becomes  persistent 
during  the  more  severe  time  of  the  fever  appears  to  me  to 
be  the  following. 

There  is  originally  a daily  rise,  or  perhaps  it  is  limited  to 
a part  of  a day ; but  as  the  fever  increases  in  severity,  not 
only  does  the  extreme  elevation  of  the  temperature  increase, 
but  also  the  duration  of  the  daily  fit  ; indeed,  after  the  tem- 
perature has  attained  a variable  height,  it  ceases  to  rise 
higher,  but  the  duration  of  the  rise  continues  to  increase. 

Thus,  suppose  it  possible  to  isolate  a distinct  fit,  consisting 
of  the  rise  and  fall  of  the  temperature,  in  a severe  case 
the  temperature,  not  having  had  sufficient  time  to  reach  its 
normal  point  on  one  day,  would  encroach  on  the  following  ; 
but  there  occurring  another  rise  on  the  second  day,  before 
the  previous  rise  has  had  time  to  complete  its  fall,  the 
temperature  of  the  two  days  coalesce  at  a certain  point,  and 
the  longer  the  duration  of  the  separate  fits  the  higher  will 
be  the  point  at  which  they  will  coalesce.  These  steps  are 
best  followed  in  typhoid  fever,  in  which,  at  the  commence- 


98 

13.2 


TEMPERATURE,  UREA,  ETC., 


luent  and  decline  of  the  fever,  we  often  have  a complete 
daily  fit,  in  some  cases  rising  from  the  normal  temperature 
to  105°,  and  again  falling  to  the  normal  temperature;  this 
may  be  repeated  for  several  days  as  however,  the  fever  in- 
creases in  severity  the  daily  falls  in  the  temperature  diminish 
till  the  fever  becomes  almost  persistent  in  severity. 

The  same  occurs  also  in  miasmatic  fevers.  In  these, 
when  not  severe,  we  have  daily  a complete  fit ; but  as  the 
fits  increase  in  severity  the  fever  becomes  continuous,  and 
as  it  again  declines  it  first  becomes  remittent,  and  ultimately 
intermittent.^ 

From  the  above  it  follows  that,  theoretically,  we  have  no 
such  thing  as  continued  fever. 

On  looking  over  the  above  case,  it  will  be  seen  that  the 
time  of  the  day  at  which  the  elevation  of  the  temperature 
begins  varies  greatly ; thus,  it  may  begin  early  in  the 
morning,  and  in  rare  cases  its  commencement  may  be  post- 
poned till  4 p.m.  or  even  9 p.m.  If  fevers  be  merely  an 
exaggeration  of  the  normal  daily  cycles,  it  follows  the  com- 
mencement of  the  fever  will  correspond  to  the  commencement 
of  the  normal  cycle  of  that  day ; this  will  account  for  the 
various  hours  of  the  day  at  which  the  fever  first  begins.  In 
scarlet  fever  we  can  fix  the  commencement  of  the  attack 
with  the  greatest  precision,  as  is  well  known  ; it  may  begin 
at  almost  any  hour  of  the  day  ; thus,  in  the  cases  given, 
it  began  in  one  case  at  I a.m.,  two  cases  during  the  morning, 
one  case  at  11  a.m.,  three  cases  at  12  a.m.,  one  case  at 
2 p.m.,  four  cases  at  5 p.m.,  one  case  at  10  p.m.,  one  case 
during  the  night. 

By  observing  the  variation  in  the  elevation  of  the  tem- 
perature, we  may  learn  the  variations  in  health ; from  this 
we  see  that  the  period  of  the  day  at  which  the  temperature 
reaches  its  maximum  varies  greatly  on  different  days  of  the 

^ Not  only  have  we  in  these  cases  a distinct  fit  as  regards  the  tempera- 
ture, but  also  as  regards  the  symptoms,  there  occurring  in  these  cases  a 
distinct  hot  and  sweating  stage  daily. 

^ ‘ Wood,’  vol.  i,  p.  240. 
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same  case  ; tlius,  it  may  reach  its  maximum  at  9 a.m.^  or  as 
late  as  10  p.m.,  or  at  any  other  intermediate  hour. 

Dr.  Edward  Smith  has  shown  that  there  is  a daily  capacity 
for  increased  tissue  change.  He  has  endeavoured  to  show 
that  this  occurs  during  midday  ; from  the  above  cases  it 
appears  that  it  may  occur  at  any  hour  of  the  day. 

The  cases  from  which  the  preceding  deductions  are  made 
are  now  added.  I have  been  obliged  to  omit  many  of  the 
charts  of  temperature,  owing  to  the  great  expense.  The 
Council  of  the  Society,  have,  however,  kindly  allowed  me  to 
retain  the  most  typical. 

Case  1 (see  Diagrams  1,  a and  h), — Henry  Maylin, 
jet.  6 ; weight,  16  kilogrammes.  He  was  seized  at  5 p.m.. 
May  1st,  with  shivering,  and  complained  of  some  sore  throat ; 
during  the  night  he  was  heavy  and  feverish. 

The  rash  appeared  on  the  second  day  of  the  disease,  and 
disappeared  on  the  eighth.  The  rash  was  strongly  marked 
on  the  second  day  of  the  disease ; from  that  time  it  gradually 
faded. 

Desquamation  began  on  the  sixth  day  of  the  disease,  was 
completed  generally  between  twenty-second  and  twenty-sixth 
days,  though  some  still  continued  on  the  hands  and  feet  on 
the  twenty-ninth  day.  The  desquamation  was  most  marked 
under  the  clavicles  and  over  the  pubes. 

The  conjunctivse  were  very  much  injected  on  the  second 
day  of  the  disease  \ this  then  declined,  and  ceased  on  the 
seventh  day. 

The  glands  at  the  angle  of  the  jaw  were  found  to  be 
rather  enlarged  on  the  second  day.  From  the  sixth  to  the 
eighth  days  inclusive  they  were  still  more  enlarged,  and, 
indeed,  increased  in  size  till  the  twenty-third  day.  On  the 
twenty-sixth  day  they  had  begun  to  diminish.  Glands 
down  the  upper  half  of  the  neck  posterior  to  the  sterno- 
mastoid  were  rather  enlarged  and  shotty  till  the  twenty- 
sixth  day  of  the  disease,  when  they  were  found  to  be  normal. 
Glands  in  groins  were  found  to  be  enlarged  on  the  second 
day  ; they  increased  in  size  till  the  seventh  day  inclusive. 
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after  which  they  diminishecl,  and  became  normal  between 
the  twenty-second  and  twenty-sixth  day  of  the  disease. 

The  tongue  was  thickly  coated  on  the  second  day ; from 
the  fourth  to  the  sixth  inclusive  it  was  of  the  well-marked 
strawberry  kind  ; after  this  it  improved,  and  became  normal 
on  the  eleventh  day. 

The  tonsils  were  vividly  red  and  swollen  till  the  fourth 
day  ; all  redness  had  disappeared  on  the  eleventh  da}^,  but 
they  were  found  still  enlarged  on  the  twenty-fourth  day. 

The  boy^s  appetite  improved  on  the  fourth  day,  and  re- 
mained good  till  the  twenty-second ; on  the  twenty-eighth 
day  it  again  became  excellent. 

Heart  was  healthy  on  the  sixth  day ; no  other  note  was 
made  until  the  eleventh  day,  when  systolic  basic  murmur 
was  heard  audibly  at  the  second  left  cartilage  ; this  continued 
audible  till  the  fourteenth  day,  and  disappeared  suddenly 
on  the  fifteenth  ; from  this  time  to  the  time  of  his  dismissal 
from  the  hospital  his  heart  sounds  continued  normal. 

Some  cough  was  noticed  on  the  seventh  day  of  the  disease  ; 
on  the  twenty-second  day  it  was  very  troublesome,  and  had 
all  the  character  of  hooping-cough,  and  continued  so  till  the 
time  of  his  discharge. 

The  boy  was  delirious  only  on  the  night  of  the  second 
day  of  the  disease. 

Urine. — The  urine  was  examined  daily ; no  albumen  was 
found  till  the  twenty-fourth  day,  on  which  day  there  was  a 
very  distinct  cloud  on  boiling  and  adding  nitric  acid  ; after 
this  it  decreased  in  quantity  and  disappeared  on  the  twenty- 
seventh  day  ; subsequent  to  this  the  urine  always  remained 
free  from  albumen;  no  blood  nor  casts  w^ere  detected. 

General  appearance. — Till  the  tenth  day  the  lips  were 
dry,  and  the  boy  heavy  ; after  this  he  steadily  improved, 
though  very  slowly  so,  till  the  nineteenth  day,  wdien  he 
flagged  again,  and  on  the  twenty-second  was  puffy  about 
the  face,  and  the  angles  of  his  mouth  and  along  the  nose 
were  ulcerated ; after  the  twenty-third  da}?-  he  improved, 
though  he  still  looked  puffy  till  the  twenty-sixth  day.  There 
w^as  no  distinct  pitting  on  pressure  any  time. 
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Diet. — Second  day,  beef  tea  1 pint,  milk  1 pint,  wine 
4 oz. ; seventh  day,  pudding  diet,  wine  3 oz. ; eleventh,  wine 
2 oz. ; thirteenth  da}',  fish ; twenty-first,  second  meal  diet, 
2 oz.  of  meal,  3 oz.  of  potatoes.’ 

Case  2. — Henry  Johnson;  height,  3 feet  It  inch; 
weight,  10  kilogrammes.  The  child  was  seized  during  the 
night  of  the  23rd  of  May. 

The  rash  appeared  on  the  second  day  of  the  disease,  dis- 
appeared on  the  seventh. 

Desquamation,  which  was  slight  and  very  superficial,  began 
on  the  tenth  day,  still  continued  on  the  feet  on  the  twenty- 
ninth  day.  Glands  at  the  angles  of  the  jaw  were  rather 
enlarged,  even  on  the  twenty-ninth  day.  Glandula  con- 
catenatse  were  not  enlarged  till  the  ninth  day ; on  that  and 
the  following  day  both  they  and  the  glands  at  both  angles 
were  enlarged ; on  the  twelfth  day  they  were  normal  on 
the  right  side,  but  continued  enlarged  on  the  left  till  the 
twenty-third.  Glands  in  groins  were  shotty  till  the  tenth 
day. 

Tongue  was  very  red  with  prominent  papillse  from  the 
fourth  to  the  sixth  day  inclusive;  it  then  improved,  and 
became  normal  between  the  fourteenth  and  nineteenth  days. 

Fauces,  &c.,  were  red  and  swollen  on  the  fourth ; after 
this  the  parts  improved,  and  were  normal  on  the  tenth  day. 
Appetite  was  pretty  good  on  the  fifth  day ; after  this  it  con- 
tinued excellent. 

Heart  was  healthy  throughout. 

Lungs. — There  was  some  sonorous  rhonchus  on  the 
fourth,  fifth,  and  sixth  days. 

Urine  was  examined  daily;  it  never  contained  any  albumen. 

General  appearance. — Throughout  the  time  he  was  under 
observation  he  looked  quite  well. 

Diet. — May  26th,  milk  1 pint,  beef  tea  1 pint,  bread 
and  butter;  31st,  pudding  diet;  June  4th,  broth  diet;  10th, 
second  meal  fliet ; 16th,  pudding  diet,  milk  half  pint. 
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Table  showing  the  daily  amount  of  urea^  chloride  of  sodium, 

and  urinary  water,  excreted. 


Day  of  disease. 

Urea. 

NaCl. 

Water. 

Fifth  

Grammes. 

5-642 

Grammes. 

1-313 

185  c.c. 

Sixth  

Seventh  

6-120 

2-486 

255 

8-100 

4-050 

360 

Eighth  

8-100 

4-225 

360 

Ninth 

7-965 

1-485 

270 

Tenth  

10-660 

3-382 

410 

Eleventh  

9-190 

2-480 

310 

Twelfth  

6-045 

1-782 

310 

Thirteenth 

7-695 

2-389 

405 

Fourteenth 

6-840 

1-680 

380 

Fifteenth  

Lost 

Lost 

Lost 

Sixteenth  

8-625 

1-983 

345 

Seventeenth  

8-407 

1-778 

295 

Eighteenth 

6-697 

1-081 

235 

Nineteenth 

4-702 

1-650 

165 

Twentieth  

7-055 

2-695 

245 

Twenty-first  

7-875 

2-250 

250 

Twenty-second  ... 

7-370 

1-650 

220 

Twenty-third 

8-360 

1-650 

220 

Twenty-fourth  ... 

8-750 

2-625 

250 

Twenty-fifth  

10-867 

3-450 

345 

Twenty-sixth 

7-095 

2-257 

255 

Twenty-seventh ... 

10-075 

3 332 

310 

Twenty-eighth  ... 

9-440 

2-802 

295 

Twenty- ninth 

7-685 

2-030 

290 

Thirtieth  

8-000 

1-875 

250 

The  temperature  reached  its  lowest  point  on  the  fifth  day 
of  the  disease. 


Case  3. — John  Franklin,  set.  11  years  6 months;  as- 
sumed weight,  30  kilogrammes.  The  boy  has  felt  poorly 
during  the  last  fortnight,  complaining  of  headache  and  sick- 
ness, but  continued  at  his  work  till  January  17th,  on  which 
day  he  vomited  once  or  twice,  and  on  the  same  evening  the 
rash  appeared. 

Rash  was  general,  second,  third,  and  fourth  days.  Disap- 
peared on  fifth. 

Desquamation  began  on  the  hand  and  leg  on  the  eighth 
day,  was  general  by  the  sixteenth  ; patient  discharged  on  the 
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twent}’-ninth.  Desquamation  then  completed,  except  on 
the  limbs. 

Tongue  thickly  coated  with  white  fur  on  the  second  day, 
was  strawberry  from  the  fourth  to  sixth  inclusive.  After  this 
it  improved. 

The  tonsils,  pharynx,  &c.,  were  very  red  on  the  second 
and  third  days.  They  improved  from  the  sixth. 

The  appetite  improved  on  and  after  the  sixth  day. 

The  boy  improved  in  appearance  greatly  on  the  fifth  day. 

The  urine  never  contained  any  albumen. 


Table  showing  the  daily  amount  of  urea,  chloride  of  sodium, 

and  urinary  water  excreted. 


Day  of  disease. 

Urea. 

NaCl. 

Water. 

Third 

Grammes. 

11-160 

Grammes. 

0-465 

310  c.c. 

Fourth  

15-624 

1-176 

420 

Fifth  

16-175 

1-290 

430 

Sixth  

Lost 

Lost 

Seventh  

11-882 

2-425 

485 

Eighth  

13-563 

3-255 

775 

Ninth  

15-960 

3-657 

665 

Tenth 

6-676 

1-862 

245 

Eleventh  

15-750 

7-000 

700 

Twelfth  

13-982 

6-098 

595 

Thirteenth 

14-965 

8-200 

820 

Fourteenth 

16-877 

5-887 

785 

Fifteenth  

15-562 

7-750 

750 

Sixteenth  

19-080 

4-402 

795 

Seventeenth  

22-370 

4-698 

895 

Eighteenth 

22-372 

6-969 

1010 

Nineteenth 

23-205 

6-915 

Twentieth  

19-550 

6-375 

850 

Twenty-first  

21-750 

4-575 

750 

Twenty-second  ... 

22-230 

6-184 

780 

Twenty-third 

24-000 

6-400 

800 

Twenty-fourth  ... 

22-500 

8-190 

900 

Twentv-fifth  

22  312 

6-512 

875 

Twenty-sixth 

25-440 

1060 

Twenty-seventh . . . 

23-010 

6-016 

885 

Twenty-eighth  ... 

19-500 

4-950 

825 

Twenty-ninth  ... 

27-502 

6-755 

965 

The  temperature  reached  its  lowest  point  on  the  sixth 
day  of  the  disease. 
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Case  4. — William  Stephens,  set.  5 ; height,  3 ft.  1 inch  ; 
weight,  14  kilogrammes.  On  April  25th  he  vomited,  com- 
plained of  sore  throat,  and  had  a slight  cough.  On  April 
26th  he  had  a slight  blush  of  redness  all  over  him ; this 
increased  in  intensity  till  April  28th.  Admitted  on  the 
sixth  day  of  the  disease  ; all  the  rash  had  disappeared,  leaving 
a 3^ellowish  mottling.  No  desquamation  occurred  till  the 
twenty-fifth  day,  when  there  was  slight  superficial  but  de- 
cided desquamation  on  the  thighs,  legs,  and  dorsum  of  feet ; 
none  on  the  soles  of  the  feet,  slight  also  on  both  shoulders. 
No  further  note  was  taken  till  the  twenty-ninth  day,  when 
all  desquamation  had  ceased. 

Glands  at  the  angles  of  the  jaw  were  very  much  en- 
larged from  the  sixth  to  the  nineteenth  inclusive ; they  then 
declined,  but  still  were  too  hard  on  the  twenty-ninth. 

Neck,  first  noted  on  the  seventeenth,  and  to  the  twenty- 
second  inclusive  they  were  enlarged,  that  is  to  say,  those 
close  to  the  head,  those  immediately  above  the  clavicle,  were 
normal. 

Groin,  from  the  sixth  to  ninth  inclusive,  they  were 
enlarged,  hard,  and  shotty  ; they  then  declined,  and  on 
the  twenty-fifth  were  normal  in  size,  but  too  hard.  On  the 
twenty -ninth  the  left  were  normal,  but  the  right  were  still 
too  hard.  On  the  seventh  and  eighth  days  were  seen  several 
red,  hard  elevations,  about  the  size  of  peas,  not  unlike  bug- 
bites,  but  without  any  central  black  spot  or  trace  of  bite ; 
these  were  surrounded  by  a little  ring  of  redness.  The  alee 
of  his  nose  were  excoriated,  and  discharged  at  the  time  of 
admission,  and  continued  in  much  the  same  state  till  the 
twelfth  day,  when  it  was  rather  better,  but  still  remained 
red  and  excoriated  till  the  twenty-fifth  day,  when  they  were 
all  but  healed. 

Tongue  thickly  coated  ; tip  and  edge  red,  with  promi- 
nent papillae,  sixth  to  eighth  day  inclusive ; fur  cleared  off 
from  the  anterior  part,  but  did  not  leave  it  red,  on  the  ninth  ; 
from  the  eleventh  day  inclusive  it  was  normal. 

Tonsils. — Tonsils,  uvula,  &c.,  very  deeply  injected  and 
swollen,  whole  posterior  fauces  covered  with  a thick,  tena- 
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cious,  opaque-looking  membrane,  from  the  sixth  to  eighth 
dav  inclusive.  The  redness  then  declined  and  the  membrane 
thinned  away,  till,  on  the  fourteenth,  the  membrane  was 
replaced  by  a more  purulent-looking  matter.  On  the 
fifteenth  the  parts  were  decidedly  better,  and  on  the  nine- 
teenth thev  were  normal. 

The  child's  appetite  was  bad  till  the  eighth  day  inclusive  j 
it  then  improved,  and  after  the  ninth  day  continued  excel- 
lent. 

Heart  healthy  throughout. 

Some  sonorous  rhonchus  on  the  seventh,  eighth,  and 
ninth  days;  lungs  otherwise  healthy. 

Throughout  the  time  he  was  in  hospital  the  child  looked 
tolerably  well ; rather  pale. 

Urine  at  no  time  contained  any  albumen. 

The  child  was  admitted  on  the  sixth  day  of  the  disease. 
On  the  sixth  day  the  temperature  rose  to  102|;  on  the 
seventh  to  102| ; on  the  eighth  to  lOOf ; on  the  ninth  to 
100;  and  on  the  tenth  to  99.  After  this  it  daily  rose  to 
99  till  the  nineteenth  day. 


Table  giving  the  daily  amount  of  urea,  chloride  of  sodium, 
and  urinary  water  excreted. 


Day  of  disease. 

' 

Urea. 

NaCl. 

Water. 

Grammes. 

Grammes. 

Seventh  

7-477 

• • • • • 

245  c.c. 

Eighth  

10-080 

320 

Ninth  

5-740 

205 

Tenth  

6-240 

240 

Eleventh  

5-290 

230 

Twelfth 

6-977 

325 

Thirteenth 

5-945 

290 

Fourteenth 

4-857 

355 

Fifteenth  

6-300 

420 

Sixteenth  

8-600 

400 

Seventeenth  

7-540 

580 

Eighteenth 

8-225 

470 

Nineteenth  

8-505 

2-391 

315 

Twentieth 

10-360 

3-420 

380 

Twenty-first  

10-450 

3-420 

380 

Twenty-second  ... 

11-895 

• • . • ■ • 

390 

Twentv-third 

1 1 -025 

315 
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Day  of  disease. 

Urea. 

Twenty-fourth  ... 

Grammes. 

12-425 

Twenty-fifth  

10-020 

Twentv-sixth 

Lost 

Twenty-seventh... 

8-640 

Twenty-eighth  ... 

10-370 

Twenty-ninth  ... 

9-715 

Thirtieth  

7-525 

Thirty-first 

6-880 

Thirty-second  ... 

9-310 

NaCl. 

Water. 

Grammes. 

350  c.c. 

380 

2-764 

270 

3-400 

340 

2-827 

290 

1-128 

215 

1-612 

4-650 

490 

Case  5 (see  Diagram  4). — Charles  Macdonald,  set.  5i. 
Seized  on  September  25th ; rash  first  appeared  on  the 
27th ; sore  throat  on  the  26th.  Rash  was  universal,  and 
most  remarked  over  the  legs  on  the  fourth  day,  then  de- 
clined, and  only  a slight  punctiform  redness  on  the  legs  on 
the  eighth  day  of  the  disease.  Desquamation  began  about 
the  ears  and  trunk  on  the  eighth  dav.  Glands  at  the  angles 
of  the  jaw  and  in  the  groins  vere  enlarged.  Numerous 
sudamina  noticed  on  the  fifth  day. 

Tongue  devoid  of  fur,  rather  red ; papillae  rather  promi- 
nent on  the  fourth  day ; tongue  pale  on  the  fifth  and  eighth 
days,  and  was  normal  on  the  eleventh. 

Fauces,  &c.,  rather  red,  but  not  swollen,  on  the  fourth 
day.  The  redness  disappeared,  but  they  were  rather  swollen 
and  covered  with  muco-purulent  matter  on  tlie  fifth  day; 
natural  on  the  eighth ; no  note  taken  between  fifth  and 
eighth  days. 

Appetite  never  bad. 

Urine  examined  daily  to  the  sixteenth  day.  No  albu- 
men at  any  time  in  the  urine. 

A very  slight  attack.  Marked  improvement  was  noticeable, 
however,  with  each  fall  of  the  temperature. 


Case  6 (see  Diagram  3). — Thomas  Stephens,  set.  4.  Rash 
appeared  on  the  second  day  of  the  disease,  and  lasted  only 
one  day.  Desquamation  began  on  the  eleventh  day.  It 
had  all  but  ended  on  the  seventeenth  day.  On  the  third 
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day  the  child  greatly  improved,  and  continued  to  mend  till 
the  seventh  day,  when  he  became  restless  and  dull.  On 
the  eighth  day  numerous  wheals  of  urticaria  appeared  on 
his  arms;  these  continued  to  appear  till  the  eleventh  day, 
on  which  day  they  had  all  disappeared. 

Urine  was  tested  daily.  On  the  ninth  day  there  was  a 
slight  cloud  of  albumen ; tenth,  ditto ; twelfth,  there  w^as  a 
very  large  quantity  of  albumen;  thirteenth,  enormous  amount 
of  albumen;  fourteenth,  ditto;  fifteenth,  the  quantity  of 
urine  greatly  increased,  the  albumen  less ; sixteenth,  ditto  ; 
seventeenth,  no  albumen  in  the  urine ; eighteenth,  distinct 
cloud  discovered ; nineteenth,  slightest  trace ; twentieth  and 
twenty-first,  no  albumen. 

On  the  twelfth  day  the  child  was  drowsy  ; on  the  fifteenth 
he  was  rather  puffy  about  the  face.  At  no  time  was  there 
any  pitting  of  the  legs  nor  face  on  pressure. 

Heart  always  healthy. 

Case  7. — Duchatel,  male,  set.  5 years  6 months ; was 
seized  on  October  12th,  between  dinner-  and  tea-time.  Rash 
appeared  on  the  thirteenth ; on  the  third  day  of  the  disease 
the  temperature  reached  103°;  on  the  fourth,  102|  ; on  the 
fifth,  100| ; on  the  sixth,  101  ; on  the  seventh,  100 ; on  the 
eighth,  98| ; on  the  ninth,  99 ; on  the  tenth,  98. 

Case  8. — Welsh,  male,  set.  3 years  6 months.  On  the 
ninth  day  of  the  disease  the  highest  temperature  was  IO25; 
on  the  tenth,  101|;  on  the  eleventh,  103^;  on  the  twelfth, 
102|;  on  the  thirteenth,  lOS^ ; on  the  fourteenth,  lOl^; 
on  the  fifteenth  it  fell  throughout  the  day,  and  reached  99|, 
and  continued  afterwards  at  about  this  temperature. 

Case  9. — Eliza  Brown,  set.  11  years.  Rash  appeared  on 
the  second  day.  The  urine  contained  no  albumen  during 
her  stay  in  the  hospital.  On  the  second  day  of  the  disease 
the  temperature  rose  to  102 ; on  the  third,  102  ; on  the 
fourth,  99 ; and  continued  at  this  last  temperature  on  all 
the  following  days. 
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Case  10. — Anne  Johnson,  set.  7;  height,  3 ft.  in.; 
weight,  16  kilogrammes.  She  first  complained  of  some  sore 
throat  at  dinner-time,  May  25th,  but  continued  in  other 
respects  in  her  usual  health  till  tea-time,  when  she  lay  down 
and  complained  of  headache  and  chilliness.  During  the  night 
she  was  feverish  and  vomited. 

The  rash  appeared  on  the  second  day  of  the  disease,  and 
disappeared  on  the  sixth.  Desquamation  began  on  the 
sixth  day  of  the  disease,  and  was  almost  completed  on  the 
twenty-seventh.  Some  miliarj^  vesicles  were  observed  on 
the  third  day.  The  conjunctivse  were  injected  on  the  second 
and  third  days  of  the  disease. 

The  glands  at  the  angles  of  the  jaw  were  never  enlarged. 
The  glandula  concatenate  were  rather  enlarged  and  hard 
till  the  twelfth  day,  when  they  were  found  to  be  normal. 
In  the  groins  they  were  enlarged  to  the  size  of  peas  and 
beans ; they  became  normal  between  the  sixteenth  and 
nineteenth  days. 

The  tongue  was  very  little  affected ; it  was  red,  with  pro- 
minent papillm  at  the  tip  and  edges,  till  the  seventh  day, 
and  was  normal  on  the  twelfth. 

The  throat  was  vividly  red  and  rather  swollen  on  the 
second  and  third  days.  It  became  healthy  on  the  eighth. 

The  appetite  was  bad  till  the  seventh  day,  when  it  im- 
proved. 

Heart  was  healthy  till  the  fifth  day,  when  a slight  sys- 
tolic basic  murmur  was  heard.  This  disappeared  between 
the  twenty-second  and  twenty-seventh  days. 

The  child  was  slightly  delirious  on  the  nights  of  the  second 
and  third  days. 

The  urine  was  examined  daily.  It  never  contained  any 
albumen. 

General  appearance. — The  child  never  appeared  at  any 
time  at  all  oppressed  by  the  fever. 

Diet. — May  26th,  beef  tea  I pint,  milk  I pint,  wine 
4 oz.  28th,  omit  wine.  31st,  pudding  diet,  milk  I pint. 
June  4th,  broth  diet.  10th,  meal  diet. 

The  child  was  admitted  on  the  second  day  of  the  disease. 
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On  the  second  day  of  the  disease  the  temperature  rose  to 
102|;  on  the  third,  102;  on  the  fourth,  lOO^;  on  the  fifth, 
99| ; and  continued  to  rise  daily  to  this  last  temperature  till 
the  tenth,  when  it  only  reached  98. 


Table  giving  the  daily  amount  of  urea,  chloride  of  sodium, 

and  urinary  water. 


Day  of  disease. 

Urea. 

NaCl. 

Water. 

Third 

Graninies, 

9-112 

Grammes. 

0-798 

225  c.c. 

Fourth  

9-100 

0-900 

200 

Fifth  

G-075 

0-911 

135 

Sixtli  

8-997 

1-982 

305 

Seventh  

G-090 

1-450 

290 

Eighth  

G-772 

1-827 

315 

Ninth 

Lost 

Tenth  

7-G80 

2-400 

480 

Eleventh  

7-695 

2-025 

450 

Twelfth  

7-905 

2-325 

405 

Thirteenth 

9-625 

4-012 

535 

Fourteenth  

10-875 

4-350 

580 

Fifteenth  

7-800 

2-640 

480 

Sixteenth  

8-407 

2-075 

415 

Seventeenih  

. 8-797 

3-191 

345 

Eighteenth 

8-400 

3 990 

420 

Nineteenth 

8-062 

3-082 

375 

Twentieth  

10-500 

5-250 

700 

Twentv-first  

11-812 

3-370 

375 

Twenty-second  ... 

9-360 

2 470 

260 

Twentv-third 

11-000 

3-212 

440 

Twenty-fourth  ... 

12-255 

4-827 

645 

Twentv-fifth  

11-115 

3-700 

390 

Twenty-sixth 

11-375 

4-225 

650 

Twenty-seventh ... 

12-670 

4-870 

650 

Twenty-eight 

12-420 

3-510 

540 

Case  11. — George  Gibbs.  No  note  was  made  of  the  date 
of  the  commencement,  but  merely  of  the  day  on  which  the 
rash  appeared ; this  I have  assumed  to  be  the  second  day. 

The  rash  disappeared  on  the  eighth  day;  desquamation 
began  on  the  eighth  day,  and  was  mostly  completed  on  the 
twenty-seventh  day.  Some  still  remained  on  the  feet  and 
ankles  till  the  thirty-ninth,  and  on  the  soles  of  the  feet 
till  the  forty-seventh  da3^ 
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Glands. — At  the  angles  of  the  jaw  they  were  enlarged; 
began  to  diminish  on  the  eighth  day,  but  were  still  some- 
what enlarged  on  the  thirty-first. 

Groins,  here  they  were  so  much  enlarged  as  to  be 
visible;  they  began  to  diminish  on  the  ninth  day,  but  were 
still  spotty  on  the  thirty-first. 

Urine. — No  albumen  before  and  on  the  eleventh  dav  ; 
slight  cloud  on  the  twelfth ; increased  in  quantity  on  the 
thirteenth ; slight  cloud  from  the  fourteenth  to  the  sixteenth 
inclusive;  none  on  the  seventeenth  ; none  till  the  twentieth, 
on  which  day  a large  quantity  was  discovered.  Still  more 
albumen,  urine  smoky,  on  the  twenty-first ; albumen  less, 
rather  smoky,  on  the  twenty-third ; much  more  smoky 
on  the  twenty-sixth ; very  smoky,  less  albumen,  on  the 
twenty- seventh  and  twenty-eighth;  less  smoky  on  the  twenty- 
ninth  and  thirty-first ; not  smoky,  a slight  cloud  of  albumen, 
on  the  thirty-fourth ; very  slight  on  the  thirty-fifth ; 
smoky,  rather  dense  cloud  of  albumen,  on  the  thirty- sixth 
and  thirty-seventh ; albumen  less  on  the  thirty-eighth ; not 
smoky,  and  only  slight  cloud  of  albumen  on  the  thirty-ninth 
and  fortieth,  and  continued  so  to  the  forty-sixth  day. 

General  condition. — Progressed  favorably  till  the  night  of 
the  eleventh,  when  he  complained  greatly  of  pain  in  the 
left  ear,  which  continued  during  the  twelfth  day.  Was 
puffy  about  the  face,  and  pitted  over  the  forehead  on  the 
twenty-second.  This  increased  somewhat  till  the  thirty-first 
day  inclusive,  and  then  declined. 

Temperature.- — On  the  second  day  of  the  disease  the 
temperature  reached  to  102| ; on  the  third,  103| ; on  the 
fourth,  101|;  on  the  fifth,  99|. 

It  continued  to  rise  daily  to  this  point  till  the  eleventh 
day,  when  it  rose  to  101.  From  the  twelfth  to  the  seven- 
teenth days  inclusive  it  never  rose  higher  than  99|. 

The  temperature  was  not  taken  on  the  eighteenth  and 
nineteenth,  but  on  the  twentieth  day  it  reached  to  lObi  ; on 
the  twenty-first,  99|;  on  the  twenty-second,  101|;  on  the 
twenty-third,  99|. 

It  then  continued  at  about  99  till  the  twenty-sixth  day 
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w’hen  it  again  rose  to  103|.  From  the  twenty- seventh  to 
the  fortieth  day  it  remained  at  about  99. 

Case  13. — Ann  Swinson  ; height,  3 feet  6 inches  ; weight, 
16'3  kilogrammes.  She  was  admitted  for  supposed  caries 
of  the  crest  of  the  ilium.  The  scarlet  fever  developed  itself 
whilst  she  was  in  the  hospital. 

On  March  25th  she  had  sore  throat,  and  flagged.  On 
the  27th,  a doubtful  rash  was  seen.  She  had  no 
desquamation,  and  the  reality  of  the  nature  of  the  disease 
was  considered  doubtful  till  the  renal  affection  presented 
itself. 

On  the  nineteenth  day  of  the  disease,  between  6 and  7 
a.m.,  seized  with  vomiting  and  shiverings ; the  evening 
before  she  was  pretty  well'.  At  the  time  of  my  visit  she 
was  oppressed,  drowsy,  very  pale,  and  puffy.  She  complained 
of  much  frontal  pain,  and  had  lost  her  appetite.  Pulse  176, 
respiration  48.  Wounds  about  the  ilium  looking  as  before. 
Lungs  were  healthy.  During  the  morning  she  perspired  very 
profusely,  and  at  12  a.m.  her  trunk  was  covered  with  minute 
sudamina. 

On  the  twentieth  day  was  much  improved  ; complained  of 
no  pain  anywhere.  Rather  drowsy ; appetite  very  bad  ; pulse 
1 16,  very  weak ; wounds  looking  much  the  same.  Last  night, 
about  7 p.m.,  complained  of  much  pain  in  right  foot ; there 
was  no  redness  nor  swelling,  but  it  was  very  tender.  This 
morning  there  is  a deep-red  blush  over  the  malleoli,  and 
this  part  is  very  tender.  Appetite  very  bad. 

On  the  twenty-first  she  was  less  puffy,  complained  of  no 
pain ; pulse  132,  feeble.  Redness  over  the  right  ankle 
increased  in  intensity  and  area  ; the  wounds  about  the  crest 
of  the  ilium  were  looking  well ; appetite  was  better  than 
yesterday ; less  drowsy. 

Twenty-second. — Passed  a restless  night;  still  rather  pufl’y; 
ankle  more  swollen,  very  red,  and  painful;  pulse  108,  weak  ; 
lungs  healthy;  heart,  first  sound  at  the  apex  murraurish. 

Twenty-third. — Matter  pointing  over  the  outer  malleolus  ; 
appetite  a little  better  ; still  puffy  looking. 
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Twenty-fourth.- — Much  the  same  ; first  sound  of  the  heart 
at  the  apex  dull. 

Twenty-fifth. — Swelling  extending  up  the  leg. 

Twenty-sixth,  3 a.m. — Active  vomiting  came  on,  greenish 
colour,  accompanied  with  diarrhoea ; lips  and  tongue  rather 
dry;  soft  systolic  apex  murmur;  ankle  opened. 

Twenty-eighth. — Much  thin  discharge  from  the  wound 
at  the  ankle ; redness  very  much  less ; no  sickness,  no 
diarrhoea. 

Thirty-first. — Face  pasty  looking  ; tongue  dry  ; discharge 
from  ankle  less.  No  pitting  of  any  part  of  body,  except 
right  foot ; distinct  apex  systolic  murmur. 

Thirty-second. — Decidedly  better. 

Subsequently  active  tubercular  deposition  took  place  in  her 
lungs. 


Urine. 

Urea. 

Quantity. 

Albumen. 

5'30,  March  27th,  to  10  a.m.,  March 

4-779 

117 

28th 

Fifth  day,  March  28th  and  29th  ... 

4-720 



Shade. 

Sixth  

3-877 

235 

Slight  shade. 

Seventh  

5-037 

310 

Slight  shade. 

Eighth 

6-020 

430 

Slight  shade. 

Ninth  

7-59 

660 

Rather  more. 

Tenth  

7-450 

745 

Shade. 

Eleventh  

11-325 

1175 

Shade. 

Twelfth  

11-325 

1175 

Shade. 

Thirteenth  

8-712 

1025 

Shade. 

Fourteenth  

9-776 

1185 

Sliade. 

Fifteenth 

9-150 

915 

Shade. 

Sixteenth  

8-085 

735 

None. 

Eighteenth  

10-442 

585 

None. 

Nineteenth  

7-995 

390 

None. 

Twentieth. — Smokv,  red  colour 

•«•••• 

Abundant. 

Tw'entv-first. — Slightly  smoky  

Very  abundant. 

Twenty-second  

1-875 

110 

Fills  two  thirds  of 

Twenty-third  

0 510 

60 

the  tul)e. 

Fills  two  thirds  of 

Twenty-fourth. — Albumen  much  less 

85 

the  tube. 

Twenty-fifth. — Urine  contains  casts 
and  uric  acid,  and  also  kidney- 

epithelium. 

Twentv-sixth. — Albumen  much  more 

abundant. 

Twenty-seventh.  — Albumen  much 

more  abundant. 

I 
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On  the  twenty-second  and  twenty-third  days  the  albumen 
w^as  removed  by  shaking  up  the  urine  with  animal  charcoal. 

She  was  readmitted  on  the  seventy-eighth  day ; the  urine 
still  contained  abumen. 

Temperature. — On  the  third  day  the  temperature  reached 
100|;  on  the  fourth^  9S§;  on  the  fifth,  98§;  on  the  sixth, 
983;  on  the  seventh,  lOOi ; on  the  eighth,  IOO3 ; on  the 
ninth,  100§  ; on  the  sixteenth,  99 ; on  the  seventeenth,  97 ; 
on  the  eighteenth,  98§ ; on  the  nineteenth,  105  ; on  the 
twentieth,  100;  on  the  twenty-first,  101|;  on  the  twenty- 
second,  103i;  on  the  twenty-third,  101|;  on  the  twenty- 
fourth,  102  ; on  the  twenty-fifth,  100| ; on  the  twenty-sixth, 
100|;  on  the  twenty-seventh,  101§;  on  the  twenty-eighth, 
1021. 

/ 

Case ^13. — Charles  Ebett,  set.  3 years  9 months.  The 
commencement  of  the  disease  in  this  case  was  not  noted,  but 
merely  the  first  appearance  of  rash.  ’ This  I have  assumed  to 
be  the  second  day. 

This  was  a very  slight  case. 

Temperature. — On  the  second  day  of  the  disease  the 
temperature  rose  to  101|;  on  the  third,  99|;  on  the  fourth, 
99f ; on  the  fifth,  97| ; on  the  sixth,  97|. 

Case  14. — Matilda  Browne.  The  lowest  temperature 
occurred  on  the  fifth  day,  the  temperature  falling  from  102| 
to  100. 

I 

Case  15. — Sarah  Hewett,  set.  7.  She  was  seized  on 
7th,  shortly  after  breakfast.  The  rash  appeared  on  the 
second  day. 

The  temperature  on  the  third  day  rose  to  101 ; on  the 
fourth,  to  100;  on  the  fifth,  to  99. 

Case  16  (see  Diagram  4). — Ellen  Kipping,  set.  11. 
Seized  Monday,  September  30th,  with 'vomiting,  diarrhoea, 
anorexia,  and  complained  of  sore  throat.  Bash  first  noticed 
on  October  1st.  It  was  intensely  marked.  It  had  nearly 
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disappeared  from  the  whole  body  on  the  seventh.  Desqua- 
mation began  on  tlie  ninth,  about  the  forehead  and  labia. 
Tongue  was  rather  furred  on  the  second  day,  thickly  coated 
on  the  third ; after  this  it  was  of  the  strawberry  character  to 
the  ninth  inclusive;  after  this  no  notes  were  made. 

Fauces  were  vividly  red,  but  not  swollen,  to  the  fifth  day 
inclusive,  and  improved  on  the  eighth. 

Conjunctivse  were  injected  till  the  seventh  day  inclusive. 

Glands  at  the  angles  of  the  jaw  were  slightly  enlarged; 
more  so  in  groins. 

Urine  was  tested  till  the  ninth  day;  on  the  fifth  and 
sixth  there  was  a slight  trace  of  albumen. 

The  child  was  rather  delirious  during  the  fourth  and  fifth 
nights. 

Appetite  was  very  bad  till  the  sixteenth,  when  it  improved 
somewhat. 

This  was  decidedly  a sharp  attack.  The  rash  was  strongly 
marked.  She  was  very  heavy  and  prostrate  till  the  fifth 
day,  when  she  very  greatly  improved,  and  then  continued 
to  mend. 

Case  17  (see  Diagram  5). — Maria  Hodge,  set.  2 years 
2 months.  Scarlet  fever,  urticaria,  chicken-pox.  The 
child  had  an  attack  of  measles  three  weeks  before  her 
admission  into  hospital.  The  attack  lasted  about  a week, 
and  then  she  appeared  quite  well  again.  On  July  19th  was 
quite  .well  during  the  day,  but  was  very  restless  during  the 
night.  Next  day  the  rash  appeared,  and  she  was  feverish 
and  had  no  appetite.  E-ash  at  the  time  of  admission  was 
slight  everywhere,  but  most  marked  on  the  legs.  It  dis- 
appeared from  the  face,  chest,  and  abdomen  on  the  fifth  day, 
and  from  the  legs  and  arms  on  the  seventh.  In  this  case 
the  rash  on  the  arms  and  legs  was  much  localized,  and  caused 
hard,  spotty  elevations,  some  the  size  of  a small  pea;  it  was 
in  these  that  the  rash  remained  so  long. 

Desquamation. — Face,  none;  trunk,  none.  Legs,  appeared 
on  the  folds  of  thighs  on  the  eighth,  and  disappeared  on  the 
ninth.  Appeared  on  the  arms  slightly  on  the  ninth,  dis- 
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appeared  on  tlie  tenth ; on  the  sixteenth  there  was  some  on 
the  palms  of  the  hands. 

On  the  seventh  dav  of  the  disease  a wheal  of  urticaria 
was  noticed;  a few  more  appeared  on  the  eighth  and  ninth. 
They  consisted  of  elevations  about  the  size  of  peas,  pale, 
semi-transparent,  hard,  and  surrounded  by  a ring  of  redness 
an  inch  in  diameter. 

On  the  seventh  a vesicle  of  chicken-pox  was  seen  on  the 
chest,  followed  by  a few  others  till  the  twelfth  day  inclusive. 
These,  instead  of  drying  up  and  healing,  ulcerated  and 
became  surrounded  by  much  swelling.  The  ulcers  began 
to  heal  on  the  fifteenth  day. 

Alie  of  nose  became  excoriated  with  a thin,  sanious  dis- 
charge on  the  seventh,  continuing  much  the  same  till  the 
thirteenth,  when  it  improved  gradually  to  the  eighteenth  day. 

Tongue  thickly  coated,  red  on  the  third  day,  then  cleaned ; 
papillse  were  prominent  on  the  anterior  part  still  on  the  fif- 
teenth ; was  normal  on  the  ninth. 

Fauces,  &c.,  very  red  and  swollen,  fourth  and  fifth  days; 
still  more  so,  and  covered  with  muco-purulent-looking  mat- 
ter, on  the  sixth  to  eighth  inclusive.  They  then  improved, 
and  were  almost  normal  on  the  eighteenth. 

Appetite  improved  on  the  fourth  day,  and  continued  good 
after  the  fifth. 

Glands  at  the  angles  of  the  jaw  were  not  enlarged ; on 
the  third  day  began  to  enlarge  ; on  the  fourth  they  increased 
in  size,  till  the  enlargement  was  visible  on  the  eighth;  they 
then  decreased,  and  were  almost  of  natural  size  on  the 
eighteenth.  In  groin  they  were  first  enlarged  on  the  fifth 
day,  and  continued  slightly  enlarged  till  the  ninth,  after 
which  they  were  of  normal  size. 

Urine  was  examined  daily  till  the  twenty-ninth  day;  no 
albumen  was  at  any  time  discovered. 

The  child  appeared  to  be  in  a very  delicate  state  and  the 
lips  were  very  dry  on  the  third,  cracked  and  swollen  on  the 
eighth  and  ninth  ; they  then  improved  somewhat. 

On  the  fifth  day  a decided  improvement,  however,  w\as 
noticed;  on  the  sixth,  seventh,  and  eighth,  was  not  so  well 
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again ; vomited.  She  continued  ver^^  poorly  and  heavy 
during  the  eleventh  and  twelfth.  After  this  the  child 
improved. 

Case  18. — Eliza  Cunningham,  set.  7 ; assumed  weight, 
16  kilogrammes.  The  patient  was  in  the  hospital  for  epi- 
lepsy at  the  time  of  her  seizure.  On  April  24th,  at  11  a.m., 
she  complained  of  headache  and  sore  throat ; soon  after,  she 
vomited.  After  this  she  appeared  to  be  in  her  usual  health 
till  4 p.m.,  wEen  she  again  vomited,  and  on  being  undressed 
to  be  put  to  bed  the  rash  was  detected. 

Thus  the  rash  appeared  on  the  first  day,  and  disappeared 
on  the  eighth  day. 

Desquamation  began  on  the  ninth  day  and  had  ceased 
everywhere  on  the  twenty-eighth  day,  except  on  the  hands 
and  feet. 

Eyes  were  much  injected  with  some  muco-purulent-looking 
discharge  from  the  second  to  the  sixth  day  inclusive ; it  then 
declined,  and  ceased  on  the  eleventh  day. 

Glands. — Angles  of  jaw  were  enlarged  from  the  second 
to  eleventh  days  inclusive,  then  the  swelling  declined,  and 
disappeared  between  the  twenty-fourth  and  twenty-eighth. 

The  glands  of  the  neck  were  also  enlarged,  hard,  and 
spotty. 

Groins. — A little  hard  on  the  second  day,  enlarged  on 
the  third;  still  more,  so  as  to  be  visible,  during  the  fourth 
and  fifth ; then  the  swelling  declined,  and  ceased  between 
the  twenty-fourth  and  twenty-eighth  days. 

Numerous  ecchymoses  noticed  under  the  clavicles  and  in 
groins  on  the  fourth  and  fifth  days. 

Some  miliary  vesicles  appeared  on  the  fourth  and  fifth 
davs. 

Sudamina  appeared  on  the  eighth  day,  and  were  still 
more  numerous  on  the  ninth. 

The  child  was  delirious  during  the  night  of  the  first  to  the 
fourth  inclusive. 

Tongue  w'as  thickly  coated  with  a creamy  fur,  the  papillae 
being  prominent  on  the  second  and  third  day.  Well-marked 
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strawberry  on  tlie  fourth  and  fifth ; it  then  improved^  and 
was  natural  on  the  seventeenth. 

Fauces,  &c.',  were  very  red ; on  the  second  day  after  this 
the  parts  improved,  and  were  almost  normal  on  the  sixth, 
continuing,  however,  a little  red  and  flabby  till  the  tenth. 

Heart  and  lungs  healthy  throughout. 

Pulse  was  found  to  be  irregular  on  the  twenty-fourth  to 
.twenty-eighth  days;  no  other  notes  made. 

General  appearance. — Child  was  heavy  and  dull  on  the 
second  day ; lips  were  dry  and  excoriated  on  the  third ; 
looked  better  on  the  fourth  day ; was  decidedly  so  on  the 
fifth ; sat  up  in  bed  and  played.  Then  improved  till  the 
ninth,  when  she  looked  puffy  and  was  rather  drowsy.  This 
continued  till  the  twelfth  inclusive.  After  this  she  improved, 
though  she  long  continued  to  be  very  pale. 

There  was  no  albumen  in  her  urine  at  any  time. 

Diet. — April  27th,  beef  tea  1 pint,  milk  1 pint,  wine 
4 oz.  May  4th,  pudding  diet,  wine  3 oz.  11th,  fish, 
wine  2 oz. 

Temperature. — On  the  second  day  of  the  disease  it 
reached  105;  on  the  third,  lOSJ ; fourth,  104i;  fifth,  1021; 
sixth,  102|;  seventh,  103i;  eighth,  101^;  ninth,  101;  tenth, 
101;  eleventh,  100|;  twelfth,  99|;  thirteenth,  99|;  four- 
teenth, 99| ; fifteenth,  98§.  It  continued  at  about  98|  till 
the  twenty-third  day,  after  which  it  was  not  taken. 

Table  showing  the  daily  amount  of  urea  and  urinary  ivater. 


Diiy  of  disease. 

Urea. 

Urinary  water. 

Third 

Grammes. 
13  950 

450  c.c. 

Fourth  

14-550 

485 

Fifth  

15-240 

035 

Sixth  

8-972 

485 

Seventh  

8-910 

810 

Eighth  

10-290 

980 

Ninth 

5-898 

715 

Tenth 

5-005 

515 

Eleventh  

5-197 

385 

Twelfth  

0-050 

550 

Thirteenth 

4-507 

435 
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Day  of  disease. 

Urea. 

Urinary  water. 

Fourteenth 

Grammes. 

6-825 

350  c.c. 

Fifteenth  

7-312 

325 

Sixteenth  

6195 

590 

Seventeenth  

8-550 

450 

Eighteenth 

Nineteenth 

Lost 

10-135 

280 

Twentieth  

10-360 

280 

Twenty-first  

9-350 

275 

Twenty-second  ... 

10-767 

365 

Twenty-third 

9-657 

365 

Twenty -fourth  ... 

10-725 

330 

Twenty-fifth  

11-700 

325 

Twenty-sixth 

12-240 

360 

Twenty. seventh... 

9-460 

220 

Twenty-eighth  ... 

9-800 

245 

Twenty-ninth 

11-812 

315 

Thirtieth  

6-982 

245 

Thirty-first 

7-020 

390 

Thirty-second  ... 

12-410 

730 

Case  19  (see  Diagram  6,  a and  h). — Anne  Lynch,  set. 
3 years  3 months.  On  April  28th  she  had  rigors.  Lost 
her  appetite,  and  subsequently  was  very  thirsty. 

On  April  29th  the  rash  appeared.  She  never  complained 
of  sore  throat.  The  rash  disappeared  on  the  tenth  day. 

Desquamation  began  on  the  seventh  day ; it  had  mostly 
ceased  on  the  twentv-fourth,  but  still  continued  on  the  heel 
on  the  forty-third  day  of  the  disease.  It  also  continued 
on  the  palms  of  the  hands  till  the  thirty-sixth  day. 

Numerous  miliaria  were  observed  over  the  whole  bodv, 
except  the  hands,  arms,  and  feet,  on  the  fourth  and  fifth 
days. 

Glands  at  the  angles  of  jaw  were  rather  enlarged  on  the 
third  and  fourth  days,  and  greatly  so  from  the  fifth  to  the 
eighteenth  days  inclusive,  those  on  the  right  side  being  the 
most  so.  They  decreased  in  size  from  the  twenty-second, 
though  on  that  day  they  were  as  large  as  a chestnut.  They 
were  still  enlarged  on  the  fifty-first  day. 

The  glandula  concatenatee  on  both  sides  were  enlarged. 

In  the  groin  they  were  rather  enlarged  from  the  third  to 
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the  twenty-ninth  day;  after  this  they  decreased^  and  were 
normal  on  the  thirty-sixth. 

Tongue  was  red,  with  prominent  papillae  on  the  fourth. 
It  then  improved,  and  on  the  eighth  and  ninth  it  was  pale 
and  smooth.  After  the  sixteenth  day  it  was  normal. 

Fauces,  &c.,  lividly  red ; tonsils  much  enlarged,  and 
covered  with  exudation ; much  muco-purulent-looking  fluid 
over  the  posterior  fauces  from  the  third  to  the  ninth  day 
inclusive.  They  were  less  red,  and  some  exudation  was  ob- 
served on  the  posterior  surface  of  the  uvula  on  the  eleventh 
day.  The  tonsils  were  so  swollen  as  almost  to  meet  on  the 
thirteenth  and  fourteenth  days.  A small  ulcer  was  noticed 
on  the  palate  from  the  sixteenth  to  the  eighteenth  days  in- 
clusive. The  swelling:  diminished  in  size  from  the  twentv- 
second,  and  were  almost  natural  on  the  twenty-fourth. 

Appetite  was  bad  till  the  fourteenth  day  inclusive.  It 
was  excellent  from  the  eighteenth  to  the  twenty-ninth  inclu- 
sive. On  the  thirty-third  it  was  bad  again,  and  continued  so 
on  the  thirty-fourth  and  thirty-fifth,  after  which  it  improved 
again. 

A discharge  from  the  right  ear  began  on  the  thirty-sixth, 
and  continued  till  the  forty-third  day. 

Heart  was  healthy  throughout. 

Some  sonorous  rhonchus  heard  in  the  lungs  on  the  fifth 
day. 

There  was  no  pitting  of  the  forehead,  sacrum,  nor  legs, 
on  pressure,  at  any  time. 

General  appearance. — The  child  was  oppressed  till  the 
eighth  day.  After  this  she  improved,  and  continued  pretty 
well  till  the  thirty-fourth  day,  when  she  became  very  ill 
again.  She  was  very  drowsy  from  the  thirty-third  to 
the  thirty- sixth  day  inclusive. 

Urine  was  examined  daily  on  the  twenty- third  for  the 
first  time  ; a distinct  cloud  of  albumen  was  noticed. 

Twenty-fourth. — More  abundant. 

Twenty-sixth. — Still  more  abundant. 

Twenty-seventh. — After  boiling  and  being  allowed  to 
stand,  the  coagulated  albumen  filled  one  third  of  the  tube. 
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To-day^  for  tlie  first  time  examined  microscopically,  a little 
blood  was  found,  and  some  uric-acid  crystals. 

Twenty-eighth. — Albumen  fills  one  half  of  the  tube. 

Twenty-ninth. — Albumen  same  in  amount ; urine  con- 
tained blood  j casts  waxy  and  granular. 

Thirtieth. — Urine  very  smoky;  albumen  about  the  same; 
contained  blood  and  casts. 

Thirty-first. — Of  a red  colour,  evidently  due  to  blood ; 
albumen  the  same;  contained  casts,  blood,  and  uric-acid- 
crystals. 

Thirty-second. — Less  smoky;  albumen  a little  less;  blood, 
uric  acid,  casts. 

Thirty-third. — Albumen  fills  one  fourth  of  the  tube. 
Blood  appears  to  be  much  more  abundant ; casts  and  uric  acid.  ^ 

Thirty-fourth. — Albumen  same,  judging  by  the  colour  and 
the  amount  of  deposit ; the  blood  much  more  abundant. 

Thirty-fifth. — Same. 

Thirty-sixth. — Albumen  fell  one  third  of  tube  ; urine  still 
redder  ; casts,  with  blood,  pus,  and  kidneys ; epithelium  im- 
bedded in  them,  also  some  free  from  corpuscles. 

Thirty-seventh. — Urine  very  much  better,  much  less  red; 
deposit  of  blood  much  less  abundant;  albumen  occupies 
about  one  seventh  of  the  tube ; cast  and  pus-cells. 

Thirty-eighth  and  thirty-ninth. — Ditto. 

Forty-first. — Albumen  less  now,  merely  smoky,  and  rather 
red  ; albumen  fell  one  twelfth  of  tube. 

Forty-second. — Urine  better. 

Forty-fourth. — An  abundant  cloud  of  albumen ; urine 
still  pinkish  and  smoky. 

Forty-sixth. — Not  smoky.  Bather  abundant  cloud  of 
albumen. 

Forty-seventh. — Much  more  smoky  again. 

Forty-eighth. — Blood  appears  to  be  much  more  abundant 
again.  Rather  thick  cloud  of  albumen.  Microscope — 

blood-casts  and  plenty  of  kidney-epithelium. 

Fortv-ninth. — Still  worse,  redder,  and  brown.  Very 
abundant  precipitate  of  blood.  Abundance  of  urine  passed. 

Fifty-first. — Still  very  smoky  and  red. 
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Fifty-second. — Still  very  red,  and  copious  deposit  of 
blood.  On  boiling  did  not  get  a trace  of  albumen. 

Fifty-third. — Ditto. 

Fifty-fourth. — Ditto  but  got  a decided  cloud  of  albumen, 
wlien  urine  shaken  so  as  to  mix  the  blood  with  it. 

Fifty-fifth. — Same. 

Fifty-sixth. — Decidedly  better,  scarcely  smoky.  No 
deposit  of  blood. 

Fifty-seventh. — Urine  still  less  smoky  ; amount  of  al- 
bumen greatly  increased. 

Fifty-eighth. — Not  smoky;  an  abundant  cloud  of  albumen. 

Sixtv-first. — Not  smokv  ; albumen  rather  less. 

Sixtv-third. — Urine  abundant ; distinct  cloud  of  albumen. 

Sixty-fifth. — Again  red  and  smoky,  with  rather  abundant 
cloud  of  albumen. 

Urine  always  abundant. 

Case  20. — Louisa  White  ; height,  3 feet  5i  inches ; weight, 
15 ’4  kilogrammes.  She  was  in  the  hospital  with  a slight 
attack  of  chorea,  and  was  discharged  on  account  of  the 
prevalence  of  diphtheria,  but  was  very  soon  readmitted 
with  scarlet  fever. 

She  was  seized  with  sore  throat  on  March  12th.  The  rash 
appeared  on  the  same  day,  and  on  the  first  day  the  rash 
was  over  the  whole  body  except  the  feet. 

Second  day  it  reached  the  feet,  elsewhere  declining.  Dis- 
appeared from  the  face  on  the  third  day ; from  the  forearm 
on  the  fourth  ; from  the  legs  on  the  fifth  ; from  the  shoulders 
and  all  the  body,  except  immediately  beneath  the  clavicles 
and  over  the  pubes,  on  the  sixth,  and  on  the  seventh  it  had 
universally  disappeared. 

Desquamation  began  on  the  seventh  day  on  the  face  and 
neck;  on  the  eighth  day  it  implicated  the  entire  trunk  and 
arms ; on  the  ninth  it  began  on  the  palms  of  the  hand  ; on 
the  fourteenth  on  the  thighs ; sixteenth,  on  the  fore  legs,  and 
at  tlie  same  time  it  was  completed  everywhere  else  except 
on  the  hands. 

Twenty-ninth. — Almost  completed  on  the  palms. 

Thirty-sixth. — Still  desquamating  on  the  soles  of  the  feet. 
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The  conjiinctivse  were  injected  on  the  first,  second,  and 
third  days. 

Glands  (angle  of  jaw.) — They  were  rather  enlarged  on  the 
first  day;  they  increased  in  size  till  the  tenth  day  ; between 
this  and  the  twenty-sixth  they  became  normal. 

Glands  in  the  groins  were  much  enlarged,  so  as  to  be 
visible,  and  on  thirty-first  day  were  still  enlarged. 

Glands  of  neck  were  also  enlarged. 

Tongue  red,  with  patches  of  fur,  on  the  first  day.  From 
the  second  to  eighth  inclusive  it  was  strawberry ; on  ninth 
and  tenth  day  pale,  and  rather  dry.  Became  moist  on 
sixteenth,  and  then  was  a little  red,  and  continued  so  to 
thirty-sixth,  when  it  was  still  smooth  in  the  centre. 

Fauces  red  and  inflamed  on  the  first  day  ; increased  in 
size,  so  that  the  tonsils  almost  met,  till  the  third.  On  the 
fourth  the  parts  were  covered  with  a tenacious-looking  mem- 
brane. On  seventh,  besides  the  above  membrane,  there  was 
much  muco-purulent-looking  fluid.  On  tenth,  tonsils  were 
less  swollen ; after  this  declined  till  on  the  fifteenth  its 
parts  were  only  slightly  swollen  and  red. 

No  delirium  on  the  first  night.  Delirious  during  the 
second,  third,  and  fourth  nights. 

Appetite  very  bad  till  the  ninth  day,  when  it  improved 
and  continued  good  afterwards. 

Lips,  nose,  &c. — First  day  sordes  on  lips  ; this  continued, 
and  on  the  fifth,  lips  were  drier  and  the  alse  of  the  nose 
became  red  and  excoriated.  After  the  eighth  day  these  im- 
proved somewhat,  but  nose  continued  red  and  excoriated 
and  the  lips  dry  till  the  twenty-fifth  day. 

Choreac  movements  became  worse  somewhat  on  the  third, 
fourth,  and  fifth  days.  Much  better  on  sixth,  and  ceased 
on  the  seventh  ; continued  so  till  the  twenty-seventh,  when 
they  were  slight,  and  then  disappeared  again,  not  returning 
up  to  the  time  of  her  dismissal.  Her  movements,  however, 
throughout  were  awkward. 

Child  was  very  ill  and  did  not  improve  till  the  tenth  day, 
when  a slight  improvement  was  noted,  and  convalescence 
after  this  was  very  slow  till  the  twenty-eighth  day,  when  a 
decided  improvement  was  noticed. 
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No  albumen  in  the  urine  at  any  time. 

Temperature. — On  the  tenth  day  the  temperature  rose  to 
103|  j on  the  second,  to  103| ; on  the  third,  to  102| ; on 
the  fourth,  to  100|;  on  the  fifth,  to  100| ; on  the  sixth,  to 
101|;  on  the  seventh,  to  lOOf ; on  the  eighth,  to  10l| ; on 
the  ninth,  to  102|;  on  the  tenth,  to  102|  ; on  the  eleventli, 
to  102^;  on  the  twelfth,  to  101|;  on  the  thirteenth,  to  99^; 
on  the  fourteenth  the  temperature  continued  about  99  till 
the  fortieth  day. 


Table  showing  the  daily  amount  of  urea,  chloride  of  sodium, 

and  urinary  water. 


Day  of  disease. 


Second  

Third 

Fourth  

Fifth  

Sixth  

Seventh  

Eighth  

Ninth  

Tenth  

Eleventh  

Twelfth  

Thirteenth 

Fourteenth 

Fifteenth  

Sixteenth  

Seventeenth  

Eighteenth 

Nineteenth 

Twentieth  

Twenty-first  

Twenty-second  ... 

Tw'enty-third 

Twenty-fourth  ... 
Twenty-fifth  ...  "I 
Twenty-sixth..  J 
Twenty-seventh ... 
Twenty-eighth  ... 

Twenty-ninth 

Thirtieth  

Thirty-first 

Thirty-second  ... 

Thirty-third  

Thirty-fourth 

Thirty-fifth  

Thirty-sixth  

Thirty-seventh  .. 


Urea. 


7- 370 
10-650 
10-608 

9-800 

9-300 

9-300 

9-347 

8- 200 
5-880 
7*425 


7*245 

7*065 

4*140 


7*567 

5*200 

7-227 

5*565 

7*055 

7*930 

7*287 


11*100 

5*865 

6*410 

7*827 

9-067 

10*005 

8*580 

8*100 

6-743 

12-610 

11*760 

8*500 


NaCl. 


Water. 


0*440 

0*600 

1-035 

0-980 

1*035 

1*705 

1*110 

1*840 

1*120 

1*320 

Lost. 


2*363 

1*350 

Lost. 


Lost. 


220  c.c. 
300 
345 
280 
345 
620 
370 
400 
280 
330 

345 

305 

180 

322* 

200 

245 

210 

415 

305 

275 

555 

345 

435 

505 

585 

435 

520 

360 

415 

485 

480 

500 
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Case  21. — Anne  Neil.  Easli  appeared  on  the  27th 
April.  No  rash  at  any  time  on  the  face. 

Chest. — Numerous  reddened,  elevated  papillse,  from  the 
second  to  the  fifth  day  inclusive.  After  this  it  declined, 
and  had  disappeared  on  the  ninth. 

Abdomen. — Same  as  on  chest,  except  that  it  commenced 
to  decline  on  the  fifth,  and  some  slight  rash  still  continued 
on  the  ninth  day. 

Legs  the  same  as  the  abdomen. 

Desquamation. — No  note  was  made  on  the  ninth  and 
tenth  days,  but  on  the  eleventh  it  was  slight  on  the  chin  and 
chest. 

Glands  at  both  angles  of  the  jaw  were  enlarged  slightly 
on  the  second  day ; those  on  the  left  side  continued  slightly 
enlarged  till  the  thirteenth,  when  they  were  normal  ; those 
on  the  right  side,  after  the  second  day,  increased  greatly  in 
size,  and  were  still  so  on  the  thirteenth.  Glands  down  the 
neck  were  also  greatly  enlarged.  In  groin  they  were  so 
enlarged  as  to  be  visible.  The  enlargement  commenced  on 
the  second  and  declined  on  the  fifth. 

Tongue  thickly  furred  on  the  second ; this  cleared  off, 
and  left  the  strawberry  tongue  on  the  fourth  ; this  continued 
till  the  eighth  inclusive ; the  papillse  then  became  less  pro- 
minent, but  on  the  fourteenth  tongue  was  still  beefy. 

Fauces,  &c.,  very  red  and  much  swollen,  from  the 
second  to  fourth  inclusive  ; this  was  still  more  marked  from 
the  fifth  to  seventh ; on  the  latter  day  the  parts  were  very 
much  more  red  and  swollen.  On  the  eighth  the  redness  and 
swelling  began  to  decline,  and  the  parts  were  covered  with 
muco-purulent-looking  matter.  On  the  thirteenth  day  they 
were  still  swollen  and  red. 

Abundance  of  sudamina  were  observed  on  the  chest  and 
abdomen  on  the  second  day. 

Appetite  was  rather  bad  on  the  fourth  day  ; after  this  it 
slowly  improved  till  the  eighth  day,  when  it  was  again  bad, 
but  improved  on  the  thirteenth. 

The  child  throughout  was  in  a very  low  condition.  Lips 
were  dry  from  the  first ; alee  of  nose  became  red  and  exco- 
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riated  on  tlie  sixth,  and  continued  so  throughout.  Lips  were 
greatly  swollen,  cracked,  and  bleeding,  on  the  ninth  day; 
on  the  fifteenth  they  were  better. 

Bowels. — From  the  fifth  to  the  ninth  had  three  or  four 
liquid  motions  daily ; on  the  fourteenth  day  the  motions 
were  less  frequent. 

Child  died  suddenly  on  the  night  of  the  sixteenth. 

Post-mortem. — The  lymphatic  glands  generally  of  the 
body  were  loaded  with  tubercle,  and  the  small  intestines 
extensively  ulcerated.  There  was  old  cretified  tubercle  in 
the  lungs ; none  of  recent  origin. 

Temperature. — On  the  second  day  it  rose  to  103| ; on  the 
third,  to  104|;  on  the  fourth,  to  103| ; on  the  fifth,  to  103| ; 
on  the  sixth,  to  102§;  on  the  seventh,  to  102|;  on  the 
eighth,  to  102| ; one  the  ninth,  to  103 ; on  the  tenth,  to 
103| ; on  the  eleventh,  to  104 ; on  the  twelfth,  to  103§ ; on 
the  thirteenth,  102i;  on  the  fourteenth,  101|;  on  the 
fifteenth,  101| ; on  the  sixteenth,  101|. 

Case  22  (see  Diagram  7). — Margaret  Peacock,  set.  5|. 
Seized  at  1 a.m.,  September  9th.  Bash  appeared  on  the 
same  day.  She  first  complained  of  sore  throat  on  Sep- 
tember 2nd,  but  remained  in  her  usual  health  till  the  9th. 
Bash  was  universal  on  the  first,  and  disappeared  on  the  fifth 
dav. 

Desquamation  began  on  the  chest,  abdomen,  and  arms  on 
the  twelfth  day ; began  on  the  legs  on  the  sixteenth,  and  on 
the  same  day  was  completed  on  the  chest ; ceased  on  the 
abdomen  and  legs  between  the  twentieth  and  twenty-seventh 
days,  and  still  continued  on  the  hands  on  the  twenty- 
seventh. 

Alse  of  nose  in  this  case  were  excoriated. 

Conjunctive,  injected  from  the  first  to  third  day  inclusive. 

Lips  were  dry  and  covered  with  sordes  from  the  first  to 
twelfth  day  inclusive. 

Glands  at  the  angles  of  the  jaw  were  enlarged  on  the 
first,  and  continued  so  to  the  ninth.  On  the  tenth  and 
twelfth  the  swelling  had  increased  greatly,  extending  on  the 
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face  over  tlie  parotid  gland ; on  the  thirteenth  it  began  to 
diminish,  but  continued  to  be  enlarged  even  on  the  twenty- 
seventh.  Glands  in  groin  were  enlarged  on  the  sixteenth 
day  ; after  this  no  note  of  their  condition  was  made. 

Tongue,  rather  furred  on  the  first ; fur  cleared  off,  but 
left  the  tongue  dry  and  brown,  on  the  third  ; remained  so 
and  was  cracked  till  the  eleventh  day  inclusive  ; on  the 
thirteenth  it  was  moister;  on  the  sixteenth  was  clean,  con- 
tinuing so  afterwards. 

Fauces,  &c.,  red  and  covered  with  mucus  on  the  first 
and  third ; were  still  redder  on  the  fourth.  Redness  was 
less,  but  swelling  more,  on  the  fifth  to  ninth  inclusive ; the 
parts  then  improved,  and  were  normal  on  the  sixteenth. 

Body  covered  with  sudamina  on  the  ninth.  Appetite 
improved  on  the  ninth  day. 

Lungs  healthy  throughout. 

Heart  was  healthy  on  the  ninth.  No  note  was  made  after 
this  till  the  eleventh,  when  a distinct  murmur  was  caught, 
audible  at  base  and  apex,  most  so  at  the  base.  It  became 
much  less  distinct  at  the  apex  on  the  twelfth;  the  murmur 
continued  throughout. 

Never  any  albumen  in  her  urine. 

Child  continued  very  poorly  till  the  ninth  day,  when  she 
improved,  and  continued  from  this  time  to  mend. 

Case  23. — Sophia  Pattenson,  set.  5^.  On  September  12th, 
after  tea,  she  was  seized  with  vomiting  and  pain  in  the  head. 
On  September  13th  the  rash  appeared;  was  universal.  Accord- 
ing to  the  mother,  it  declined  on  the  15th  September  (fourth 
day).  It  disappeared  from  the  whole  body  on  the  seventh. 

Desquamation  began  on  the  face  on  the  seventh ; on  the 
chest  and  abdomen  on  the  eighth ; on  the  legs  between  the 
thirteenth  and  seventeenth  days;  on  the  palms  on  the  tenth; 
was  very  active  on  the  chest,  abdomen,  and  the  arms,  on 
the  seventeenth,  and  was  completed  on  the  twenty-first ; 
still  continues  on  the  legs  and  hands  on  the  twenty-fourth  day. 

Glands  at  the  angles  of  the  jaw  were  normal  till  the  ninth 
day,  when  they  became  swollen  and  very  painful  on  the  left 
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side ; they  decreased  in  size  from  the  eleventh,  but  still  re- 
mained much  enlarged  on  the  seventeenth  day.  Glands  in 
groin  were  enlarged  on  the  fifth  day,  and  resumed  their 
normal  size  between  the  thirteenth  and  twenty-first  days. 

Tongue  clean  throughout. 

Throat  normal  throughout. 

Appetite  was  middling  on  the  sixth  day,  and  improved 
after  this. 

Lungs  always  healthy. 

Heart. — A distinct  systolic  murmur,  audible  at  base  and 
apex,  on  the  eighth ; ceased  at  the  apex  but  continued  audible 
at  the  base,  and  was  inaudible  at  either  cartilage  from  the 
ninth  to  the  thirteenth  inclusive.  No  murmur  was  audible 
on  the  seventeenth  nor  twenty-first  day.  No  notes  were 
taken  in  the  intermediate  days. 

No  albumen  in  the  urine  at  any  time. 

The  child  was  cheerful  on  the  fifth;  on  the  sixth  became 
heavy,  drowsy,  and  fretful,  passed  a restless  night  on  the 
eighth.  After  the  ninth  day  she  improved  again  rapidly. 

Temperature. — On  the  fifth  day  it  reached  100 ; on  the 
sixth,  99|;  seventh,  99|;  eighth,  104^;  ninth,  lOSJ;  tenth, 
102|;  eleventh,  102|;  twelfth,102|;  thirteenth,  100;  fourteenth, 
98| ; fifteenth,  98|.  It  remained  at  about  98  till  the  twenty- 
fifth  day. 

Case  24. — Mary  Hugden,  set.  11 ; weight,  25‘5  kilo- 
grammes. Patient  was  seized  with  sore  throat  on  Novem- 
ber 23rd ; rash  appeared  on  the  24th.  Rash  was  well  out 
and  universal  till  the  seventh  day  inclusive ; then  declined, 
and,  on  the  tenth,  there  was  a mere  trace. 

Desquamation  began  on  the  face  on  the  seventh;  began 
on  the  hands  on  the  ninth ; on  the  twelfth  it  was  universal. 

Tongue  was  dry  and  glazed  on  the  seventh;  moister, 
eighth  and  ninth. 

Sweated  profusely  on  the  night  of  the  eighth  and  ninth. 

Appetite  improved  on  the  tenth. 

Observations  were  then  discontinued  till  January  22nd 
(sixty-first  day).  During  this  interval  she  had  much  blood 
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and  albumen  in  the  urine.  On  the  sixty-first  day  she 
was  very  pale,  scarcely  any  anasarca. 

A small  amount  of  albumen  occurred  in  the  urine  from 
the  sixty  “third  to  sixty-eighth  days  inclusive;  after  this  the 
urine  was  not  examined. 

The  temperature  in  this  case  was  not  taken  after  the 
twelfth  day ; from  the  fifth  to  the  twelfth  days  inclusive  the 
temperature  varied  between  103°  and  101°. 


Table  giving  the  daily  amount  of  urea,  NaCl,  and  urinary 

water. 


Day  of  Disease. 

Urea. 

NaCl. 

Water. 

I 

i 

Grammes. 

Sixth  

17-550 

3-565 

1486  c.c. 

Seventh  

18-487 

4-006 

2175 

Eighth  

15-200 

2-968 

2375 

Ninth 

13-450 

2-220 

1850 

Tenth 

14-437 

1-788 

1875 

Eleventh  

14-265 

1-902 

1585  : 

Twelfth 

15  096 

2-294 

1480  I 

Thirteenth 

10-400 

0-357 

650 

Sixty-third 

6-570 

595 

Sixty -fourth  ....... 

6-864 

3-630 

660 

Sixty-fifth  

9-086 

4-543 

770 

Sixty -sixth 

6-420 

600 

Sixty-seventh 

5-050 

2-127 

370 

Sixty-eighth  

7-155 

3-445 

530 

1 

Case  25. — Emma  Walsham,  height,  4 ft.  1^  in. ; weight, 
23‘6  kilogrammes.  Sore  throat  noticed  on  April  3rd ; 
rash  appeared  on  the  third  day.  She  came  under  notice 
on  the  sixteenth  day  of  the  disease.  On  that  day  there 
was  copious  desquamation  over  the  neck;  on  the  eighteenth 
day  it  involved  the  chest,  abdomen,  and  thighs;  on  the 
twenty-first  it  began  on  the  palms  of  the  hands;  on  the 
twenty-eighth  it  had  ceased  on  the  arms;  on  the  thirty- 
second  it  was  completed  on  the  chest;  also  on  the  abdomen 
on  the  thirty-sixth.  On  the  thirty-ninth  desquamation  only 
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observed  on  the  feet,  and  here  it  was  still  continued  on  the 
fort}' -fourth  day. 

Tongue  was  pale,  and  some  of  the  papillm  rather  promi- 
nent when  admitted. 

The  glands  at  the  angles  of  the  jaw  reached  their  normal 
size  between  the  twenty-ninth  and  thirty-ninth  days.  On 
the  forty-fourth  they  were  still  shotty  in  the  groins. 

Heart  and  lungs  healthy  throughout. 

On  the  twenty-seventh  day  the  child  was  noticed  to  be 
puffy  about  the  face  (she  had  been  up  for  several  days) ; 
twenty- eighth,  kept  in  bed ; puffy  about  eye,  and  continued 
so.  On  the  thirty-first  day  was  very  feverish,  and,  during 
the  night,  she  was  delirious. 

Urine. — Seventeenth  day. — No  albumen. 

Eighteenth. — A shade. 

Nineteenth  to  twenty-sixth  inclusive. — No  albumen. 

Twenty-seventh. — A shade. 

Twenty-eighth. — More  distinct ; no  blood. 

Twenty-ninth. — Ditto,  ditto. 

Thirtieth. — Distinct  cloud  of  albumen.  Some  blood  de- 
tected by  microscope. 

Thirty-first  and  thirty-second. — No  albumen.  Some 
blood  detected. 

Thirty- fourth. — Smoky,  but  scarcely  a trace  of  albumen. 

Thirty-fifth. — Slightest  cloud  of  albumen.  Blood  less. 

Thirty-sixth. — No  albumen.  Blood  less. 

Thirty-seventh. — Slight  trace  of  albumen.  Some  blood. 

Thirty-ninth  to  forty-first  inclusive.  No  albumen,  but 
blood-discs  seen. 

Erom  forty-second  day  to  time  of  dismissal,  no  blood  nor 
albumen. 

Temperature. — The  patient  was  admitted  on  the  sixteenth 
day  of  the  disease  ; from  this  date  till  the  twenty-seventh 
day  inclusive,  it  remained  normal.  On  the  twenty-eighth, 
it  rose  to  100  ; on  the  twenty-ninth,  to  104| ; on  the  thirtieth, 
to  98| ; and,  on  the  thirty-first,  to  99|.  After  this  it  con- 
tinued between  98  and  99  till  the  forty-sixth  day. 
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Table  giving  the  daily  amount  of  urea  and  urinary  water. 


Day  of  Disease. 

Urea. 

Water. 

Seventeenth  

Grammes. 

7-S7b 

750  cc. 

Eighteenth 

15-360 

960 

Nineteenth 

Lost. 

... 

Twentieth  

13-322 

730 

Twenty-first  

12-320 

880 

Twenty-second  ... 

11-000 

500 

Twenty-third 

12-247 

710 

Twenty-fourth  ... 

11-870 

625 

Twentv-fifth  

14-550 

430 

Twenty-sixth 

13-120 

410 

Twenty-seventh ... 

12-905 

445 

Twenty-eighth  ... 

12-200 

610 

Twenty-ninth 

11-560 

680 

Thirtieth  

11-505 

885 

Thirty-first 

13-037 

745 

Thirty-second  ... 

9-955 

610 

Thirty-third  

11-407 

585 

Thirty-fourth 

12-800 

800 

Thirty-fifth  

10-406 

925 

Thirty-sixth  

14-899 

908 

Thirty-seventh  ... 

13-680 

1140 

Thirty-eighth 

12-325 

850 

Thirty-ninth  

14-700 

700 

Fortieth 

15-505 

585 

Forty-first  

15-502 

385 

Forty-second 

16  065 

595 

Forty-third 

17-381 

675 

Forty-fourth  

16-500 

600 

Fortv-fifth 

0 

13-870 

730 

Case  26  (see  Diagram  8).  — Mary  Anne  Dali,  set.  2 
years  2 months,  was  first  seized  at  5 p.m.  of  Sept.  11th. 
Rash  appeared  on  the  afternoon  of  Sept.  12th. 

At  the  time  of  admission  there  was  a slight  rash  over 
the  whole  body,  papilliform  ; this  left  the  chest  on  the  eighth 
day ; abdomen,  leg,  and  arms,  on  the  seventh. 

Glands  at  angles  of  jaws  and  groins,  were  slightly 
enlarged,  till  the  tenth  day  inclusive. 

The  throat  was  red  and  swollen  on  the  sixth,  after  this  it 
improved,  and  was  much  better  on  the  tenth. 

Tongue  was  furred  on  the  seventh,  clean  on  the  eighth 
day. 
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Case  29.  James  Kelly,  9 years,  4-  months. 
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Heart  and  lungs  were  always  healthy. 

No  albumen  in  the  urine  at  anv  time. 

Case  27. — Mary  Wright,  urine  never  contained  any 
albumen.  Child  died  on  the  fourth  day  of  the  disease. 

Temperature. — On  the  second  day,  it  rose  to  104| ; on 
the  third,  104§;  on  the  fourth,  104|. 

Case  28. — Mary  Clarke,  set.  5 years  3 months.  July  9th, 
in  the  morning  the  child  was  chilly,  in  the  evening  she 
complained  of  headache. 

July  11th,  rash  first  noticed. 

Rash  was  strongly  out  over  the  whole  body,  till  the  sixth 
day  inclusive,  then  diminished,  and  disappeared  from  the 
legs  and  arms  on  the  eighth,  and  on  the  same  day  it  was 
very  slight  on  the  rest  of  the  body. 

Miliary  vesicles  appeared  on  the  fourth  day,  increased  in 
quantity  till  the  sixth  inclusive,  occurring  on  neck,  chest, 
abdomen,  and  thighs.  All  trace  of  them  was  gone  on  the 
seventh. 

Child  vomited  several  times  a grass-green  coloured  matter 
on  the  fourth  and  fifth,  none  on  the  sixth. 

There  was  no  albumen  in  the  urine  at  any  time.  W’^as 
first  delirious  on  the  night  of  the  fifth,  this  continued 
nightly  till  time  of  her  death.  She  had  a very  putrid 
smell  on  the  eighth  day.  Died  on  the  eighth  day. 

The  temperature  throughout  varied  between  103°  and 
105°. 

Case  29  (see  Diagram  9). — James  Kelly,  set.  9 years  4 
months,  admitted  Feb.  2nd;  ill  first,  Jan.  27th. 

Feb.  3rd. — Slept  excellently;  pulse  much  better,  tongue 
still  furred ; puffy  about  face ; legs  pit  slightly,  very  distinct 
cloud  of  albumen  in  urine  removed  by  two  grammes  of 
animal  charcoal.  To-day  he  had  a muco-purulent  discharge 
from  nose. 

4th. — Hot  air  bath  % hour,  perspired  freely,  albumen  in 
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urine  same,  uric  acid,  various  shapes,  globular,  lozenge, 
some  casts. 

5th. — Much  better ; warm  bath  five  minutes. 

6th. — Wishes  to  get  up,  urine  uric,  no  casts,  albumen. 

7th. — Not  so  well,  appetite  less,  legs  pit  on  pressure, 
very  puffy  about  face,  much  more  albumen  in  urine ; hot  air 
bath  6 p.m.,  perspired  greatly. 

8th. — Says  he  feels  better ; tongue  thickly  furred,  very 
puffy  about  face  and  eyes,  quantity  of  albumen  in  urine 
much  increased ; hot  air  bath  6 p.m.,  in  as  usual,  half  an 
hour ; perspired  freely. 

9th. — Decidedly  less  albumen  in  urine,  more  puffy  about 
face. 

10th. — Pace  and  legs  certainly  much  more  oedematous, 
nothing  so  well  to-day;  drowsy. 

12th. — Yery  sick;  2'30  foamed  at  mouth,  groaned,  face 
distorted  into  numerous  grimaces,  passed  his  fseces  and  urine, 
and  had  twitching  of  arms.  Fit  lasted  quarter  of  an  hour ; 
he  never  became  conscious,  fit  returned  in  twenty  minutes. 

5 p.m.  Unconscious  ; eyes  open,  foaming  at  mouth,  groans 
occasionally;  hot  air  bath,  and  mustard  poultice  over  his 
loins. 

5*20.  Another  fit ; fit  continued  till  8 p.m.  ; he  died  at 
12*20  p.m. 
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Introductory  and  Experimental. 

We  were  induced  to  commence  an  investigation  of 
tlie  physiological  action  of  box  from  the  reputation  it 
has  acquired  in  the  treatment  of  hydrophobia^  and  the 
frequency  with  which  it  enters  into  the  composition  of 
nostrums  having  obtained  a reputation  for  the  cure  of  this 
disease. 

The  curious,  and  at  first  sight  contradictory,  phenomena 
observed  in  frogs  which  had  been  injected  with  box  led  us 
to  deviate  from  our  original  plan,  and  to  make  the  experi- 
ments here  detailed  in  the  hope  of  throwing  some  light  on 
the  true  nature  of  tetanus. 

As  yet  we  have  had  but  little  experience  of  the  use  of 
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box  clinically,  and  it  is  not  our  intention  in  the  present 
communication  to  offer  any  observations  as  to  its  employ- 
ment in  the  treatment  of  disease,  or  its  value  as  a thera- 
peutical agent. 

All  the  experiments  recorded  in  this  paper  were  made 
on  frogs.  We  used  two  extracts  of  box;  one  dilute,  con- 
taining in  each  minim  the  active  principle  of  one  grain  of 
the  dried  leaf,  and  a concentrated  extract  three  times  this 
strength.  The  drug  was  introduced  under  the  skin  in 
the  neighbourhood  of  the  posterior  lymph  hearts  by  means 
of  a hypodermic  syringe.  In  all  cases  where  the  animal 
survived  for  some  hours  care  was  taken  to  keep  it  moist, 
and  when  not  actually  under  observation  it  was  placed 
on  a glass  plate  in  a flat  covered  dish  containing  a little 
water. 

The  extract  was  prepared  for  us  by  Mr.  Grerrard,  teacher 
of  pharmacy  at  University  College. 

We  will  first  describe  a typical  case.  Two  minutes 
after  the  injection  the  frog  became  dull  and  its  movements 
slow,  and  this  condition  increasing,  in  five  minutes  it  could 
not  turn  over  when  laid  on  its  back.  In  twenty  minutes 
slight  tetanus  occurred,  at  first  provoked  only  by  strong 
stimulation,  a weaker  one  exciting  only  coordinated  refiex 
action.  At  first,  too,  though  for  a very  short  time,  the 
tetanus  was  limited  to  the  irritated  limb.  Soon,  however, 
normal  reflex  action  was  entirely  replaced  by  tetanic  con- 
vulsions, and  the  tetanus  rapidly  increased,  becoming 
severe  thirty-eight  minutes  from  the  commencement 
of  the  experiment,  and  remained  at  its  height  for  six 
minutes,  and  then  rapidly  declined.  (So  rapid  indeed  is 
the  declension  sometimes,  that  on  one  occasion  where  the 
paroxysm  lasted  three  quarters  of  a minute,  afterwards, 
when  re-excited,  the  paroxysm  lasted  only  a quarter  of^  a 
minute,  and  after  another  five  minutes  interval  only  two 
seconds.)  The  tetanus  continued  very  weak  for  an  hour, 
during  which  time  stimulation  excited  only  a feeble  tetanic 
paroxysm,  speedily  subsiding,  and  tetanus  could  not  be 
again  produced  till  the  animal  had  rested  awhile.  As  the 
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tetanus  declined  stronger  irritation  and  a longer  rest  were 
necessary  to  the  production  of  a paroxysm,  whilst  the 
attacks  grew  gradually  feebler  and  feebler,  till  they  dimi- 
nished to  a mere  quiver  of  the  muscles.  It  was  evident 
that  tetanus  and  paralysis  were  progressing  together,  the 
paralysis  gradually  increasing,  overpowering  the  tetanus, 
and  finally  abolishing  it. 

In  this  case  first  loss  of  power  occurred,  which  appeared 
to  us  more  like  loss  of  voluntary  than  reflex  power ; next, 
rather  severe  tetanus  accompanied  by  paralysis.  We  had, 
in  fact — 

1.  Tetanus  with  increased  action — or  strong  tetanus. 

2.  Tetanus  with  depressed  action — or  weak  tetanus. 

3.  Complete  paralysis. 

The  foregoing  account  represents  a typical  experimental 
case,  yet  we  met  with  many  exceptions,  the  symptoms 
running  a somewhat  different  course.  Thus  in  certain 
cases,  due  as  we  shall  show  to  the  degree  of  concentration 
of  the  extract,  the  tetanus  was  very  slight,  so  slight, 
indeed,  that  in  each  tetanic  convulsion  we  think  the  dis- 
charge of  nervous  force  in  the  cord  must  have  been  less 
than  in  a vigorous  normal  (coordinated)  reflex  act.  In  other 
instances  the  tetanus  was  still  slighter,  so  that  the  nervous 
discharge  must  have  been  less  than  that  in  a coordinated 
reflex  act.  Here  then  we  had  simply  : 1.  Tetanus  with 
depressed  action.  2.  Complete  paralysis. 

In  all  the  cases,  even  when  the  tetanus  was  severe,  a 
stage  was  reached  when  becoming  no  stronger  than  a 
normal  reflex  act,  the  tetanus  ultimately  became  even 
weaker  than  a normal  reflex  act. 

In  other  cases  no  tetanus  occurred,  but  simply  pro- 
gressive paralysis,  which  at  last  became  complete.  These 
varying  results  were  produced  by  the  same  dose  of  the 
poison  in  frogs  of  the  same  weight,  an  apparent  discrepancy 
which  our  further  investigations  clear  up.  Thus  a very 
concentrated  solution  of  the  extract  excites  strong  tetanus, 
whilst  the  same  dose  diluted  excites  either  no  tetanus,  or 
very  little,  as  the  accompanying  tables  exemplify.  The 
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frogs  included  in  tlie  first  table  were  injected  under  the 
skin  of  the  back  in  various  doses  with  a solution  the 
strength  of  three  grains  of  the  dried  leaf  in  one  minim  of 
water^  and  with  two  exceptions  this  preparation  produced 
strong  tetanus.  In  the  first  column  we  give  the  date ; in 
the  second  the  weight  of  the  frog ; in  the  third  the  dose  of 
the  extract,  giving  the  quantities  in  grains  of  the  leaf;  in 
fourth  the  degree  of  tetanus  induced;  in  the  fifth  the 
time  of  commencement  of  the  tetanus  ; in  the  sixth,  the 
time  from  its  commencement  when  the  tetanus  begun  to 
decline  ; and  in  the  seventh  the  duration  of  the  tetanus.  The 
table  is  divided  into  two  parts,  in  the  first  part  the  frogs 
were  merely  poisoned,  in  those  in  the  second  part  the 
cord  was  divided  opposite  the  occipito-atlantal  mem- 
brane, and  then  a peg  was  passed  upwards  into  the  skull, 
thus  destroying  the  medulla  and  brain  (brainless  frogs). 


Table  I. — TJnmutilated  frogs. 
Part  1. 


Date. 

Weight  iu 
grammes 
of 

frog. 

Dose  of  leaf  iu 
form  of  extract. 

Degree  of 
tetauus. 

Tetanus  first 
occurred  in 

Tetanus  began 
to  decline 
from  its  com- 
mencement. 

Duration  of 
tetanus. 

April  7 

• • • 

30  grains 

Strong 

13  minutes 

7 

• • • 

12 

99 

99 

19 

99 

11 

■ 38 

9 

99 

99 

22 

99 

35  minutes 

2h. 

25  m. 

12 

• • • 

12 

99 

99 

27 

99 

16 

99 

99 

12 

• • • 

27 

99 

99 

18 

99 

15 

99 

Ih. 

8 m. 

99 

13 

30 

30 

99 

99 

10 

99 

19 

99 

1 h. 

8 m. 

9j 

20 

25 

9 

99 

99 

16 

99 

18 

99 

2h. 

35  m. 

99 

20 

32 

15 

99 

99 

18 

99 

16 

99 

lb. 

20  m. 

9i 

20 

24 

6 

99 

99 

29 

99 

11 

99 

2h. 

99 

20 

26 

9 

99 

99 

19 

99 

16 

99 

Ih. 

43  m. 

99 

20 

19 

9 

99 

99 

16 

99 

17 

99 

Ih. 

53  m. 

99 

20 

23 

9 

99 

99 

18 

99 

20 

99 

1 h. 

36  m. 

Average 

27# 

12# 

grains 

19  minutes 

18  miuutes 

Ih. 

45  m. 

* These  averages  are  calculated  only  where  both  weight  and  dose  are  given. 
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Table  I {continued) . — Brainless  frogs. 

Part  2. 


Date. 

Weight 
of  frog 
iu  grms. 

Dose  of  leaf 
in  form  of 
extract. 

Degree  of 
tetanus. 

Tetanus 

first 

observed 

iu 

Tetanus 
began  to  de- 
cline from 
its  com- 
mencement 

Duration 

of 

tetanus. 

Loss  of 
reflex 
power 
preceding 
tetanus. 

April  7 

28 

27 

grains 

Strong 

16  min. 

1 h.  37  m. 

„ 7 

28 

27 

if 

30 

ft 

1 h.  10  m. 

» 11 

25 

24 

if 

if 

32 

if 

2 h. 39  m. 

„ 12 

« • • 

27 

if 

if 

24 

a 

• • • 

5 

min. 

„ 12 

25 

24 

if 

if 

32 

ti 

11). 

« 21 

27 

9 

if 

a 

47 

t> 

53  min. 

Ih. 

„ 21 

29 

12 

a 

if 

33 

a 

27  „ 

1 h.  30  m. 

5 

it 

„ 21 

28 

12 

if 

if 

36 

it 

56  „ 

Ih. 

„ 21 

27 

12 

a 

if 

40 

i> 

„ 22 

22 

9 

if 

if 

26 

if 

29  „ 

1 h.  50  m. 

10 

a 

„ 22 

28 

9 

if 

if 

31 

if 

41  „ 

50  m. 

5 

a 

» 24 

20 

9 

if 

if 

21 

a 

37  „ 

1 h.  25  m. 

5 

tt 

„ 24 

31 

9 

if 

it 

34 

it 

24  „ 

1 h.  21  m. 

8 

if 

„ 24 

30 

9 

if 

ti 

25 

ti 

32  „ 

• • • 

21 

a 

,,  24 

21 

9 

if 

it 

24 

if 

28  „ 

1 h. 10  m. 

5 

a 

May  1 

22 

9 

fi 

a 

21 

ft 

28  „ 

1 h.  43  m. 

10 

a 

» 1 

• . t 

9 

if 

Very  weak 

14 

if 

• • « 

• • • 

5 

it 

» 1 

19 

9 

if 

Very  strong 

20 

it 

43  „ 

3h. 

10 

ti 

„ 1 

19 

9 

if 

Slight 

25 

ti 

• • • 

1 h. 20  m. 

10 

it 

„ 2 

27 

9 

if 

Strong 

19 

it 

44  „ 

i h.  40  m. 

8 

if 

Average 

25 

14 

!■ 

grains 

27 

min. 

37  min. 

lh.3]  m. 

8 min.* 

• Excluding  the  21  minutes,  average  7 minutes. 
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Table  II. — ExGmjplifijing  the  effect  of  the  dilute  extract,  each 
minim  containing  the  extract  from  one  grain  of  the  dried 
leaf. 


Date. 

Weight  of 
frog  in 
grammes. 

Dose 

equivalent  to 
dried  leaf. 

Amount 

of 

tetanus. 

Tetanus 

first 

appeared. 

Duration 

of 

tetanus. 

April  13 

31 

5 

grains 

Moderate 

1 h.  15  m. 

50  m. 

>9 

13 

35-5 

10 

99 

None 

99 

13 

38 

15 

99 

99 

99 

13 

29 

20 

99 

Slight 

52  m. 

1 h.  11  m. 

99 

19 

30 

5 

99 

None 

99 

19 

32 

10 

99 

Slight 

1 h.  33  m. 

20  m. 

99 

19 

29 

15 

99 

Moderate 

56  m. 

1 h.  35  m. 

9} 

19 

29 

20 

99 

None 

99 

19 

30 

10 

99 

Moderate 

39  m. 

1 h.  50  in. 

99 

19 

34 

10 

99 

None 

99 

19 

30 

13 

99 

99 

99 

20 

26 

9 

99 

Very  slight 

1 h.  26  in. 

10  m. 

99 

20 

21 

15 

99 

None 

99 

20 

24 

6 

99 

99 

99 

20 

30 

9 

99 

Very  slight 

57  m. 

1 h.  5 111. 

Average 

29 

11 

grains 

1 h.  16  m. 

Ih. 

In  the  j&fteen  cases  in  tlie  last  table^  in  eight  no  tetanus 
occurred_,  moderate  tetanus  in  three,  and  very  slight 
tetanus  in  four.  The  dilute  solution  produced  generally 
very  slight  tetanus,  each  paroxysm  being,  so  far  as  we 
could  estimate,  weaker  than  a normal  (coordinated)  reflex 
act,  and  in  several  cases  much  weaker. 

In  the  second  table  in  every  instance  almost  complete 
loss  of  voluntary  and  reflex  power  preceded  the  onset  of 
the  tetanus ; indeed  in  two  cases  the  paralysis  was  complete 
before  the  tetanus  set  in. 

We  suggest  that  the  difference  in  the  effect  produced  by 
the  two  solutions  is  owing  to  the  quicker  absorption  of  the 
concentrated  solution.  Its  specific  gravity  being  greater, 
it  will  pass  by  the  law  of  diffusion  more  quickly  into  the 
blood. 

The  preceding  tables  show  that  the  tetanus  when  well 
marked  begun  on  an  average  in  19  minutes,  continued 


i:^9 

TO  THE  TRUE  NATURE  OF  TETANUS.  395 

strong  18  minutes,  and  then  rapidly  declined,  lasting  on 
an  average  105  minutes.  With  the  dilute  solution,  the 
tetanus  being  much  slighter,  it  begun  on  an  average,  in  27 
minutes  and  lasted  91  minutes,  (see  Tables  I and  II  for 
further  particulars,  p.  393  and  394). 

As  we  have  just  said,  a diluted  solution  induces  weak  or 
only  moderately  strong  tetanus,  which  sets  in  much  later 
than  when  fully  developed  by  the  stronger  solution ; 
moreover,  great  or  even  complete  loss  of  voluntary  and 
reflex  power  always  preceded  the  tetanus ; that  in  fact  we 
get  a combination  of  paralysis  and  tetanus.  We  offer  the 
following  explanation  of  these  facts.  In  a subsequent 
part  of  this  paper  we  shall  attempt  to  show  that  in  tetanus 
there  is  always  diminished  resistance  to  impressions,  in 
the  cord,  and  that  this  diminished  resistance  may  be 
associated  with  a normal  or  depressed  condition  of  the 
cord.  In  poisoning  with  a dilute  solution  absorption  goes 
on  slowly  and  paralysis  sets  in  and  becomes  almost 
complete  before  enough  of  the  drug  has  been  absorbed  to 
lessen  the  resistance  of  the  cord.  In  other  words,  it  requires 
a larger  dose  to  diminish  the  resistance  of  the  cord  than  to 
produce  paralysis  ; hence  paralysis  precedes  and  accom- 
panies tetanic  spasms. 

Does  Box  produce  its  effect  through  the  brain,  spinal 
cord,  nerves  or  muscles  ? We  shall  consider  these  points 
seriatim. 

Very  soon  after  poisoning,  loss  of  power  sets  in.  We 
carefully  examined  in  sixteen  cases  for  the  earliest  evidence 
of  loss  of  power  and  And  that  it  varies  from  one  to  five 
minutes,  giving  an  average  of  two  minutes  and  a half. 
The  quantities  of- the  extract  employed  varied  from  five  to 
twenty  grains  of  the  dried  leaf,  the  average  being  10‘8 
grains. 
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Table  III. — Showing  time  of  onset  of  loss  of  power  in  frogs 

produced  hy  box. 


Number  of 
frog. 

Weight  of  frog 
in  grammes. 

Bose  of  leaf  in 
form  of  extract. 

Strength  of 
preparation. 

Loss  of  power 
begun  in 

1 

30 

5 

grains 

Dilute 

5 minutes 

2 

32 

10 

9> 

99 

5 

99 

3 

29 

15 

» 

99 

3 

99 

4 

29 

20 

99 

99 

3 

99 

5 

30 

10 

99 

99 

2 

99 

6 

34 

10 

99 

99 

2 

99 

7 

30 

13 

99 

99 

2 

99 

8 

25 

9 

99 

Concentrated 

3 

99 

9 

32 

15 

99 

99 

1 

99 

10 

26 

9 

99 

99 

3 

99 

11 

26 

9 

99 

Dilute 

H 

99 

12 

21 

15 

99 

99 

2 

99 

13 

24 

6 

99 

99 

2 

99 

14 

30 

9 

99 

99 

2 

99 

15 

19 

9 

99 

Concentrated 

1 

99 

16 

23 

9 

99 

99 

H 

99 

Average 

27-5 

10'8  grains 

2i 

minutes 

To  ascertain  if  all  or  part  of  this  loss  of  power  is  due  to 
the  action  of  the  box  on  the  brain  or  the  medulla,  we 
divided  the  spinal  cord,  opposite  the  occipito-atlantal  mem- 
brane in  fifteen  frogs,  and  then  passed  a wooden  peg  into 
the  skull,  destroying  the  medulla  and  brain  (brainless  frogs) . 
When  the  effects  of  shock  had  passed  off,  we  injected  under 
the  skin  of  the  back  the  concentrated  solution  of  the  extract 
each  minim  containing  the  extract  from  three  grains  of 
leaf.  Tetanus  first  appeared  in  from  14  to  47  minutes, 
giving  an  average  in  the  twenty  cases  of  27  minutes  (see 
tables  on  pp.  393  and  394).  Shortly  before  the  onset  of  the 
tetanus,  we  noticed  slight  but  distinct  diminution  of  reflex 
power,  so  that  we  could  fortel  the  occurrence  of  the  tetanus; 
the  loss  of  reflex  power  generally  preceding  the  tetanus, 
about  five  minutes,  though  in  one  case  there  was  an 
interval  of  twenty-one  minutes  ; the  average  being  eight 
minutes,  or  excluding  the  case  of  twenty-one  minutes,  the 
average  was  seven  minutes.  We  have  shown  that  in 
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unmutilated  frogs,  loss  of  power  occurs  in  two  and  a 
half  minutes ; tetanus  occurs  on  an  average  in  nineteen 
minutes.  Where  the  influence  on  the  cord  and  medulla  is 
prevented,  in  pegged  (brainless)  frogs  the  tetanus  is 
preceded  by  loss  of  reflex  power  for  seven  minutes  ; there- 
fore the  loss  of  power  occurring  during  the  twelve  first 
minutes  must  be  due  to  the  influence  of  the  poison  on  either 
the  brain  or  the  medulla. 

To  determine  whether  the  loss  of  reflex  action  shortly 
preceding  the  tetanus  in  pithed  frogs  is  a natural  decline 
or  is  due  to  the  action  of  the  drug,  we  performed  some 
comparative  experiments  by  poisoning  each  alternate  frog, 
and  watching  the  reflex  action  as  the  poisoned  and 
unpoisoned  frogs  lay  side  by  side.  We  find  that  in 
nnpoisoned  frogs,  if  the  animals  are  kept  moist,  reflex 
action  continues  undiminished  for  thirty  hours,  indeed 
sometimes  for  fifty  hours,  and  persists  from  fifty  to  a 
hundred  hours.  For  further  details  concerning  the 
duration  of  reflex  action  we  refer  our  readers  to  the  section 
on  tetanus  p.  414. 

We  may  draw  attention  here  to  one  fact  connected  with 
the  duration  of  reflex  action  in  brainless  frogs,  which  explains 
we  think  the  variable  effects  of  box  and  gelseminum  on  the 
cord.  Thus,  in  some  instances  reflex  action  had  ceased  in  23 
hours,  whilst  in  others  it  lasted  for  90  to  100  hours.  There 
must  be  therefore  naturally  considerable  differences  in  the 
condition  of  the  cord,  and  hence  the  cord  in  one  frog  will 
be  quickly  and  easily  paralysed,  whilst  another  may  require 
a larger  dose  and  a longer  time. 

In  brainless  frogs  we  found  that  box  produced 
tetanus,  preceded  for  a short  time,  as  we  have  said, 
by  diminution  of  reflex  power,  which  further  diminishing 
at  last  becomes  complete.  This  loss  of  reflex  power  and 
tetanus  must  depend  on  the  effect  of  the  drug,  either  on 
the  cord,  nerves,  or  muscles.  It  will  be  convenient  to 
treat  separately  of  tetanus  and  paralysis. 

Tetanus  is  certainly  due  to  the  action  of  the  drug  on 
the  spinal  cord  for — 1.  There  is  no  example  of  the  indue- 
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tion  of  tetanus  tlirougli  the  nerves  or  muscles.  2.  If 
before  poisonings  the  abdominal  aorta  or  one  iliac  is  tied, 
thus  protecting  from  the  action  of  the  poison  the  part 
below  the  ligatures  yet  these  parts  become  tetanised  as 
strongly  as  those  subjected  to  the  direct  action  of  the 
poison.  We  proved  this  by  eleven  experiments;  four 
times  we  tied  the  abdominal  aortas  seven  times  one 
iliac  arterys  verifying  by  post-mortem  examination  the 
efficiency  of  the  ligatures.  3.  If  the  sciatic  nerve  is 
divideds  the  other  structures  being  left  intacts  muscles 
of  the  extremity  with  the  divided  nerve  are  not  tetanised. 
We  verified  this  statement  by  three  experimentSs  two  on 
frogSs  one  on  a toad.  In  each  animal  we  divided  the 
sciatic  nerve  of  the  left  legs  ^^3  then  injected  under  the 
skin  of  the  back  four  minims  of  the  stronger  extract  of 
box.  In  about  fifteen  to  seventeen  minute Ss  tetanus  set 
ills  which  did  not  involve  the  muscles  of  the  leg  and  foot 
of  the  left  extremitys  though  some  of  the  thigh  muscles 
were  affected.  Irritation  of  the  left  leg  failed  to  excite  a 
paroxysm  of  tetanus. 

Box  likewise  paralyses  the  reflex  function  of  the  cord. 
To  prove  this  we  experimented  on  four  frogSs  by  tying 
the  abdominal  aorta  and  then  poisoning  the  animal  by 
injecting  under  the  skin  of  the  back  three  minims  of  the 
concentrated  solution  (equal  to  nine  grains  of  leaf).  The 
lower  extremities  were  thuSs  of  courses  effectually  pro- 
tected from  the  action  of  the  poisons  and  yet  paralysis 
progressed  just  as  in  frogSs  unprotected  by  a ligatured 
aorta.  The  following  table  shows  the  result  of  these 
experiments. 
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Date. 

Wciglit  of 
frog  in 
grammes. 

Dose. 

Paralysis. 

Tetanus. 

First 

appeared. 

Tetanus 

lasted 

April  10 

30 

6 grains 

Complete 

Strong 

33  min. 

48  min. 

]M  av  1 

25 

9 „ 

99 

16  „ 

87  „ 

„ 1 

20 

9 „ 

Very  slight 

„ 1 

19 

9 „ 

99 

None 

Average 

23 

8 grains 

• 

24  min. 

67  min. 

That  both  tetanus  and  paralysis  are  produced  by  the 
action  of  the  drug  on  the  cord  is  proved  in  our  experi- 
ments regarding  the  influence  of  box  on  the  motor  nerves. 
In  these  experiments,  seven  in  number,  we  tied  one  iliac 
artery,  and  then  poisoned  the  animal,  and  in  every 
instance  save  one,  paralysis  as  complete,  and  tetanus  as 
strong,  seized  the  ligatured  and  protected  as  well  as  the 
unligatured  and  unprotected  leg.  As  the  muscles  and 
motor  nerves  were  protected  by  ligature,  it  is  evident 
that  the  paralysis  was  not  due  to  the  action  of  the  drug 
on  these  structures. 

It  is  well  known  that  some  drugs  as  calabar  bean, 
which  paralyse  through  their  action  on  the  spinal  cord,  do 
likewise  to  a slight  extent  paralyse  the  motor  nerves. 
Box  we  conclude  does  not  affect  either  the  motor  nerves 
or  the  muscles  ; for  did  it  in  any  degree  paralyse  these 
structures,  then  on  tying  one  iliac  artery  before  poisoning, 
and  thus  protecting  the  nerves  and  muscles  of  one  limb 
from  the  poisoned  blood,  tetanus  should  be  more  marked 
in  the  protected,  and  paralysis  should  progress  more 
rapidly  in  the  unprotected  limb.  For  the  poison  de- 
pressing the  motor  nerve  of  the  unligatured  limb  would 
diminish  its  conducting  power,  and  hence  lessen  the 
tetanic  contractions  of  its  muscles.  This  is  well  exempli- 
fied by  slightly  pressing  or  stretching  the  nerves  of  one 
leg,  when  the  muscles  of  that  leg  are  less  powerfully 
contracted  during  the  tetanic  spasm.  Moreover,  if  box 
affects  either  the  motor  nerves  or  muscles  the  paralysis  in 


144 

400 


ON  BUXUS  SEMPERVIEENS  WITH  REFERENCE 


the  unprotected  would  progress  more  rapidly  than  in  the 
protected  leg.  Again^  if  box  affects  either  the  nerves  or 
muscles  before  the  spinal  cord,  then  loss  of  reflex  action 
should  occur  earlier  in  the  unprotected  than  in  the 
protected  limb.  Now,  we  find  as  the  result  of  seven 
observations  given  in  the  subjoined  table,  in  which  one 
iliac  artery  was  tied,  that  with  only  one  readily  explicable 
exception,  tetanus  was  equally  well  marked,  that  paralysis 
progressed  equally,  and  was  complete  at  the  same  time  in 
both  legs ; moreover,  the  loss  of  reflex  action  begun 
simultaneously  in  both  legs. 


Table  showing  comparative  amount  of  tetanus  and  paralysis 
in  the  legs  produced  by  box  after  ligature  of  the  iliac 
arteries. 


Experimeni 

Date. 

Weight 

of 

frog. 

Dose 

of 

extract. 

Proportion 
of  dose  to 
weight  of 
frog. 

Vessels 

tied. 

Result. 

XXXIV 

1876. 
April  25 

Grms. 

76 

Grains. 

30 

• ■ • 

Lt.  iliac 

Tetanus  less  in  left  leg 

XXXV 

„ 25 

65 

27 

• • * 

Rt.  iliac 

than  in  right 
Tetanus  slightly  less  in 

XXXVI 

„ 26 

25 

9 

• • • 

left  leg  than  in  right 
Tetanus  equal 

LV 

May  2 

24 

12 

... 

Tetanus  equal ; loss  of 

LVI 

„ 2 

25 

12 

• • • 

reflex  action  equal 
Tetanus  equal ; reflex 

LVII 

„ 2 

22 

12 

• • • 

9* 

action  slightly  greater 
in  right  leg 
Tetanus  equal  j reflex 

LVIII 

„ 2 

19 

9 

• • • 

99 

action  slightly  greater 
in  right  leg  before  in- 
jection; subsequently 
no  difference  could  be 
detected 

Tetanus  equal ; reflex 

action  equal  in  both 
legs 

Average 

1 

38 

14 

• • « 
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In  tlie  last  column  we  compare  the  amount  of  tetanus 
and  paralysis  in  the  protected  and  unprotected  liuibs. 

This  table  shows  that  in  seven  frogs  operated  on 
successfully_,  one  only  exhibited  any  excess  of  tetanus, 
though  slight,  in  the  protected  limb. 

It  appears  then,  as  we  have  already  stated,  that  box 
exerts  no  influence  on  the  motor  nerves  or  muscles.  In 
the  exceptional  case  just  mentioned,  it  happened  in  the 
course  of  the  operation,  that  a slight  injury  was  inflicted 
on  one  of  the  abdominal  nerves,  thus  impairing  its 
conductivity  and  readily  accounting  for  the  predominance 
of  tetanus  in  the  limb  with  its  uninjured  nerve. 

In  all  our  operations  on  the  abdominal  vessels,  we  took 
every  care  to  avoid  stretching  or  even  touching  the 
adjacent  nerves,  but  occasionally  they  lay  in  such  close 
contact  with  the  artery  that  it  was  extremely  difiicult  to 
avoid  injuring  them. 

With  the  view,  however,  of  setting  this  question 
beyond  the  possibility  of  doubt  we  performed  eight 
additional  experiments,  in  which  we  resorted  to  a some- 
what different  mode  of  procedure.  We  will  give  the 
details  of  one  of  the  most  conclusive  of  these  observations. 
We  tied  the  right  iliac  artery  of  a large  male  German 
frog  weighing  sixty-flve  grammes.  Fortunately  very 
little  blood  was  lost,  and  the  animal  seemed  but  little 
affected  by  the  operation,  jumping  about  actively  on  being 
released.  An  injection  of  extract  of  box  equivalent  to 
twenty-seven  grains  of  the  dried  leaf  was  then  administered 
in  the  neighbourhood  of  the  posterior  lymph  hearts,  care 
being  taken  that  none  of  the  fluid  escaped  through  the 
incision  made  for  the  operation.  Tetanus  and  paralysis 
were  produced  in  due  course,  but  into  the  details  of  these 
phenomena  we  need  not  now  enter.  Fifty  minutes  after 
the  administration  of  the  drug,  when  the  paralysis  was 
complete,  and  the  tetanus  had  entirely  ceased,  the  thighs 
were  opened  and  the  sciatic  nerves  exposed.  A piece  of 
very  thin  flat  glass  was  then  passed  under  each  nerve  so 
as  to  completely  isolate  ; they  were  stimulated  with  a 
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pair  of  electrodes  in  connection  with  a Du  Bois  Reymond^s 
induction  coil_,  and  a one-celled  DanielPs  battery,  every 
care  being  taken  to  apply  the  excitor  to  each  nerve  in 
exactly  the  same  manner  and  under  identically  the  same 
conditions.  We  occasionally  used  a powerful  shock,  but 
as  a rule  we  worked  with  the  current  of  minimum  intensity 
just  adequate  to  produce  the  slightest  perceptible  quiver  in 
the  muscles  to  which  the  nerves  were  distributed. 

It  would  be  wearying  and  unprofitable  to  give  the 
actual  details  of  each  single  observation.  We  compared 
the  condition  of  the  nerves  as  regards  excitability  twenty- 
five  times  during  a period  of  a little  over  four  hours,  and 
were  unable  in  any  instance  to  detect  the  slightest  differ- 
ence in  their  excitability. 

This  case  alone  would,  we  venture  to  think,  prove 
conclusively  that  box  exerts  absolutely  no  infiuence  on 
the  motor  nerves.  There  are  in  addition  six  other  cases 
in  which  we  successfully  tied  one  iliac  artery,  and  in  these 
the  most  careful  observation  failed  to  detect  the  existence 
of  even  the  slightest  or  most  transitory  difference  in  the 
condition  of  the  nerves. 

An  examination  of  the  accompanying  table  will  show 
at  a glance  the  results  obtained  in  this  series  of  experi- 
ments. In  the  first  and  second  cases  we  made  a con- 
siderable number  of  comparative  observations,  so  as 
thoroughly  to  satisfy  ourselves  as  to  the  correctness  of 
our  conclusions,  but  the  actual  number  was  not  noted. 
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Table  showing  condition  of  sciatic  nerves  m frogs  poisoned  by 
box  after  ligature  of  one  of  the  iliacs. 


No.  of 
experi- 
meut. 

Date. 

Weiglit 

of 

frog. 

Vessels 

tied. 

Grus, 

in- 

jected 

Relation 
of  dose 
to  weiglit 
of 

animal. 

Time  of 
observation 
after 
injection. 

No.  of 
com- 
parative 
obser- 
vations, 

Result. 

1876. 

Grms. 

I 

Ap.  12 

34 

R.  iliac 

9 

• • • 

1 h.  41  m. 

? 

No  difference 

II 

„ 12 

30 

5 

1*1 

Uh. 

? 

yy 

III 

,,  25 

65 

yy 

27 

• • • 

Ih. 

2 

yy 

1 h.  5 m. 

2 

yy 

i h.  10  m. 

3 

yy 

1 h.  15  m. 

1 

yy 

1 b. 20  m. 

3 

yy 

1 b.  30  m. 

1 

yy 

1 b.  45  m. 

3 

yy 

2 b. 

1 

yy 

2 b.  30  m. 

3 

yy 

2 b.  45  m. 

1 

yy 

3 b.  10  m. 

2 

yy 

3 b.  30  m. 

1 

yy 

4 b. 

1 

yy 

4 b.  10  m. 

1 

yy 

IV 

„ 26 

25 

yy 

9 

• • • 

9 b.  40  m. 

13 

yy 

V 

May  2 

24 

yy 

12 

• • • 

4b. 

Many 

Tbe  right  sciatic 

nerve  conducts 

better  than  tbe 

left,  altbongb 

tbe  difference  is 

slight 

5 b. 

7 

The  right  nerve 

still  acts  better 

than  tbe  left 

VI 

„ 2 

25 

yy 

12 

t • • 

6 b. 

6 

No  difference 

VII 

„ 2 

22 

yy 

12 

• • • 

2 b. 

10 

yy 

VIII 

» 2 

19 

yy 

9 

• It 

lb. 

8 

» 

In  one  instance  there  was  a decided  difference  in  the 
excitability  of  the  two  sciatics^  the  nerve  of  the  protected 
limb  acting  distinctly  more  energetically  than  that  of  the 
other.  What  value  are  we  to  attach  to  this  exceptional 
result  ? In  answer  to  this  question  we  cannot  do  better 
than  detail  another  experiment  in  which  the  operation 
for  ligature  of  the  iliac  artery  was  performed.  The  box 
was  given  as  usual,  and  immediately  after  the  decline  of 
the  tetanus  and  the  occurrence  of  complete  paralysis  the 
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two  sciatic  nerves  were  exposed  and  an  investigation  was 
made  of  tlieir  power  of  conducting  electrical  stimuli  as 
measured  by  tbe  contractions  of  tbe  muscles  of  tbe  limb. 
The  excitability  exhibited  by  the  nerve  of  the  left  leg  was 
clearly  greater  than  that  of  the  right.  The  observation 
was  made  several  times  with  varying  strengths  of  current^ 
and  the  result  was  in  every  case  the  same.  At  the  post- 
mortem examination  it  was  found  that  neither  iliac  artery 
had  been  tied  ! 

This  experiment  demonstrates  the  fact  that  occasionally 
a difference  normally  exists  in  the  relative  activity  of  the 
two  sciatic  nerves.  It  may^  we  think,  be  fairly  concluded 
that  our  exceptional  case  belongs  to  this  category,  and 
that  the  difference  in  the  condition  of  the  two  nerves 
would  have  been  equally  apparent  had  we  resorted  to  no 
operative  procedure  and  had  left  the  arteries  intact. 

Does  box  in  any  degree  affect  the  muscles  ? In  the 
experiments  just  detailed  we  tested  the  muscles  of  the 
opposite  legs,  the  muscles  of  one  extremity  being  protected 
from  the  action  of  the  poisoned  blood  by  ligature  of  its 
artery.  The  apparatus  used  to  stimulate  the  muscles 
was  that  employed  in  the  investigation  of  the  motor  nerves. 
The  electrodes,  however,  were  placed  in  actual  contact 
with  the  muscular  tissue.  The  general  mode  of  procedure 
was  in  both  investigations  identical.  In  no  instance 
were  we  able  to  discriminate  the  slightest  difference  either 
in  the  strength  or  the  rapidity  of  contraction  of  the  corre- 
sponding muscles  of  the  two  limbs.  We  conclude  there- 
fore that  box  exerts  no  direct  influence  on  the  muscular 
tissue. 

We  next  proceeded  to  ascertain  whether  box  poisons 
the  afferent  nerves,  for  if  this  drug  had  induced  depres- 
sion of  these  nerves,  before  the  cord  became  tetanised, 
this  condition  would  throw  light  on  the  paralysis  pre- 
ceding tetanus,  for  the  depressed  afferent  nerves  would 
convey  to  the  cord  a weaker  impression,  and  the  reflex  acts 
would  consequently  be  weaker.  We  find  that  the  afferent 
nerves  are  not  paralysed  by  box,  and  we  base  this  conclu- 
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siou  on  tlie  following  experiment.  After  tying  tlie 
iliac  artery  of  one  leg  and  then  poisoning  the  animal  by 
injecting  the  drug  under  the  skin  of  the  back^  we  tested 
reflex  action  in  both  posterior  extremities  by  holding  the 
animal  by  its  toes,  and  we  found  always  that  reflex  func- 
tion remained  equally  good  in  both  legs.  Now,  if  the 
drug  poisons  the  afferent  nerves  the  impressions  conveyed 
along  the  poisoned  limb  should  then  be  less  active  than 
those  passing  through  the  unpoisoned  limb,  and  reflex  action 
in  place  of  remaining  unaffected  should  be  less  perfect 
when  the  animal  is  suspended  by  the  poisoned  extremity. 
The  foregoing  experiment,  however,  being  insufficiently 
delicate  to  settle  this  important  question,  we  sought  more 
convincing  evidence,  and  four  times  we  repeated  the  fol- 
lowing experiments.  We  divided  the  cord  just  below  the 
medulla,  and  then  destroyed  the  medulla  and  brain  by 
passing  a wooden  peg  into  the  cavity  of  the  skull.  We 
then  tied  one  iliac  artery  carefully,  closing  the  wound  with 
ligatures.  We  next  determined  the  weakest  induction 
currents  capable  of  exciting  reflex  action  in  either  hind 
leg,  and  then  injected  under  the  skin  of  the  back  four 
mimims  of  the  concentrated  extract  of  box.  Every  three 
or  flve  minutes  we  tested  the  weakest  currents  adequate 
to  excite  reflex  action  in  the  posterior  legs.  As  the  reflex 
function  declined,  the  same  strength  of  currents  would 
still  excite  in  each  limb  an  equal  amount  of  reflex  action 
in  the  poisoned  as  in  the  unpoisoned  limb,  till  the  aboli- 
tion of  all  reflex  action.  We  conclude,  therefore,  that 
box  exerts  no  influence  on  the  afferent  nerves. 

Having  thus  shown  that  box  tetanises  and  paralyses  by  its 
effects  on  the  cord,  and  that  the  afferent  and  motor  nerves 
and  muscles  are  unaffected,  we  wish  to  draw  particular 
attention  to  a fact  several  times  referred  to  in  this 
investigation — that  in  pegged  frogs,  when  the  drug 
cannot  of  course  act  on  the  brain,  after  the  injection  of 
the  concentrated  solution  of  the  extract,  tetanus  is  pre- 
ceded for  about  six  minutes  by  loss  of  reflex  power  in  the 
cord,  and  that  this  loss  is  manifested  even  where  the  subse- 
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quent  tetanic  convulsions  are  severe^  and  tlie  nervous 
discharge  in  tlie  cord  is  much  greater  than  occurs  in  a 
normal  (coordinated)  reflex  act ; hence,  according  to  the 
prevailing  notion,  the  cord  is  said  to  be  excited  by  the 
medicine.  Very  soon  after  the  onset  of  the  tetanus  and 
even  before  it  becomes  severe  the  coordinated  reflex  power 
of  the  cord  rapidly  declines.  Thus  we  have  first  marked 
loss  of  reflex  power  and  then  strong  tetanus.  This  apparent 
contradiction — this  loss  of  coordinated  reflex  power  preced- 
ing tetanic  convulsions  and  persisting  in  the  intervals  of  the 
paroxysms — might  be  due,  we  thought,  to  the  depressing 
influence  of  the  drug  on  the  motor  or  afferent  nerves  or 
muscles  before  the  excitation  of  tetanus  in  the  cord ; but 
having  shown  that  box  does  not  affect  these  structures,  it 
is  clear  that  the  drug  must  first  lessen  reflex  action  in  the 
cord  and  then  produce  tetanus,  the  coordinated  reflex  power 
itself  meanwhile  diminishing.  This  apparent  contradiction 
we  have  attempted  to  reconcile  in  the  section  on  tetanus. 

In  twelve  observations  with  unmutilated  frogs,  as  we 
have  already  shown,  energetic  tetanus  lasts  only  a short 
while,  beginning  to  decline  on  an  average  in  eighteen 
minutes,  and  in  ten  brainless  frogs  on  an  average  in 
thirty -nine  minutes,  then  it  grows  rapidly  weaker  and  so 
continuing  for  an  hour  to  an  hour  and  a half  ; it  then  ceases 
and  all  reflex  action  is  abolished.  Is  this  due  to  the  natural 
cessation  of  the  functions  of  the  cord,  or  to  exhaustion 
from  the  tetanus,  or  to  the  medicine  ? It  is  not  due  to 
the  natural  death  of  the  cord,  for  after  dividing  the  cord 
opposite  the  occipito -atlantal  membrane  we  found  that 
reflex  action  continues  unimpaired  for  thirty  or  forty 
hours.  (For  further  remarks  on  the  persistence  of  reflex 
action  after  death,  see  the  section  on  tetanus.) 

Nor  is  it  due  to  exhaustion  from  the  tetanic  convulsions, 
since  strychina  induces  far  intenser  tetanus,  lasting  several 
days,  whilst  the  tetanus  from  box  is  much  less  severe  and 
lasts  only  an  hour  or  two  and  then  ends  in  complete 
paralysis.  The  paralysis  of  the  cord  is  therefore  due  to 
the  direct  action  of  the  box. 
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BoXj  tlien,  paralyses  and  tetanises  tlie  spinal  cord.  Are 
these  results  due  to  the  action  of  the  drug  on  Setschenow^s 
reflex  inhibitory  centre ; in  other  words^  is  the  paralysis 
due  to  stimulation  or  the  tetanus  to  paralysis  of  this 
centre  ? Clearly  not^  for  both  paralysis  and  tetanus 
occurred  after  section  of  the  spinal  cord  below  this  centre. 

The  following  is  a summary  of  our  conclusions  : 

1 . Box  produces  loss  of  power  by  its  effects  either  on 
centres  of  volition  or  on  the  motor  centres  of  the  brain. 

2.  It  next  depresses  the  reflex  function  of  the  cord. 

3.  It  excites  tetanus,  the  paralysis  of  coordinated  reflex 
function  of  the  cord  progressing  at  the  same  time. 

4.  At  last,  by  its  influence  on  the  cord,  it  produces 
complete  paralysis. 

6.  It  produces  no  effect  on  the  motor  and  afferent 
nerves  and  the  muscles. 


Remarks  and  Observations  on  Tetanus, 

The  foregoing  observations,  coupled  with  those  we  pub- 
lished in  the  ^ Lancet^  for  1876  on  gelseminum,  suggest  to 
us  the  following  views  regarding  the  true  nature  of 
tetanus.  Tetanus  is  generally  said  to  be  due  to  stimu- 
lation of  the  cord,  or  the  cord  is  said  to  be  excited ; but 
these  expressions,  we  venture  to  think,  are  both  erroneous 
and  misleading. 

We  shall  flrst  consider  strychnia  tetanus.  Here  a slight 
irritation  will  develope  rigid  contraction  of  every  muscle  of 
the  body,  and  this  paroxysm  can  be  excited  in  rapid  recur- 
rence for  several  days.  Here  no  doubt  an  excessive  dis- 
charge of  nervous  force  does  take  place  in  the  cord,  and 
hence  perhaps  it  may  be  deemed  correct  to  say — though 
presently  we  shall  have  occasion  to  question  this  view — 
that  the  cord  is  stimulated  or  excited.  But  the  effects 
produced  by  strychnia  are  not  due  to  mere  stimulation,  for 
in  that  case  the  normal  co-ordinated  reflex  movements 
should  be  retained  and  be  more  vigorously  performed ; 
this,  however,  does  not  happen,  for  on  irritating  a frog^s 


152 

408  ON  BUXUS  SEMPERVIEENS  WITH  REFERENCE 

posterior  limb^  or  indeed  any  other  part^  instead  of  inducing 
the  usual  co-ordinated  movement,  all  the  muscles  of  the 
body  become  rigidly  contracted,  and  owing  to  the  strength 
of  the  extensor  muscles  prevailing  over  that  of  the  flexors, 
the  hind  legs,  in  place  of  being  drawn  up,  are  powerfully 
extended.  Here  then  it  is  evident  that  the  impression, 
instead  of  being  limited  to  certain  parts  of  the  cord, 
diffuses  itself  through  the  greater  part  or  the  whole  of  the 
cord  and  motor  tract  in  the  brain.  As  every  part  of  the 
cord  is  excited,  all  coordinated  action  is  abolished  and 
every  muscle  is  contracted.  Thus  in  the  case  of  strychnia 
tetanus,  with  increased  nervous  discharge,  we  have  lessened 
resistance  or  greater  diffusibility  in  the  spinal  cord. 

We  venture  to  suggest,  and  we  trust  our  subsequent 
remarks  will  prove,  that  in  the  tetanus  produced  by  poi- 
sons, this  lessened  resistance  is  the  actual  cause  of  the 
tetanus,  and  that  there  is  in  fact  no  excited  condition  of 
the  cord;  that,  if  the  poison  merely  lessens  resistance, 
then  an  irritation  produces  excessive  evolution  of  force 
throughout  the  cord,  and  consequently  strong  tetanus ; if 
the  poison  depresses  the  reflex  function  as  well  as  the 
resistance,  then  an  irritation  induces  slight  evolution  of 
nervous  force  throughout  the  cord,  and  consequently  pro- 
duces only  weak  tetanus ; there  is  no  excited*  condition  of 
the  cord.  The  correctness  of  this  view  is  well  shown  in 
the  tetanus  excited  by  box,  gelseminum,  and  jaborandi. 

We  shall  speak  first  and  chiefly  of  box.  Using  a concen- 
trated solution,  we  find  that  in  almost  every  case  box  excites 
strong  tetanus,  with  a far  greater  discharge  of  nervous 
force  in  the  cord  than  takes  place  in  a normal  (coordinated) 
reflex  act ; hence  it  is  said  that  the  cord  is  excited  or  sti- 
mulated; but  the  facts  we  are  about  to  adduce  will,  we 
think,  show  that  this  augmented  evolution  of  force  depends 
merely  on  lessened  resistance. 

After  division  of  the  cord  just  below  the  medulla 
through  the  occipito-atlantal  membrane  and  the  destruction 
of  the  medulla  and  brain,  so  as  to  obtain  simple  uncom- 
plicated effects  of  box  on  the  cord,  we  have  shown  that  loss 
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of  coordinating  reflex  power  (cord  paralysis)  always  pre- 
ceded tlie  tetanus  by  six  or  seven  minutes.  The  tetanus 
sets  in  at  first  so  slightly  that  only  strong  irritation  excites 
itj  weaker  producing  simply  normal  reflex  acts  ; then^  as 
the  tetanus  continues  and  grows  stronger^  and  becomes 
more  easily  excited^  co-ordinated  reflex  action  quickly  dimi- 
nishes, to  be  at  last  entirely  replaced  by  tetanic  contraction  ; 
tetanus  quickly  grows  weaker,  and  soon  becomes  very 
slight,  so  continuing  often  an  hour  or  longer,  and  then  ends 
in  complete  abolition  of  reflex  action. 

Thus  we  have  diminution  of  reflex  action  followed  by 
tetanus,  the  diminution  becoming  more  evident  as  the 
tetanus  increases,  the  tetanus  being  generally  for  a short 
time  severe,  and  each  paroxysm  greatly  in  excess  of  a 
normal  (coordinated)  reflex  act.  Were  tetanus  due  to  sti- 
mulation of  the  cord,  we  should  then  have  this  singular  and 
we  think  impossible  combination,  namely,  first  depression 
and  then  stimulation  of  the  reflex  function  of  the  cord,  this 
stimulation  continuing  concurrently  with  a rapid  depression 
of  co-ordinated  reflex  action. 

Since  box  first  weakens  the  reflex  function  before  producing 
tetanus  even  when  the  tetanus  is  strong,  it  is  probable  that  a 
larger  dose  is  required  to  lessen  resistance  than  to  lessen  the  reflex 
function  of  the  cord ; hence,  diminution  of  reflex  function  precedes 
tetanus.  As  soon  as  the  quantity  absorbed  is  sufficient  to  lessen 
resistance  tetanus  sets  in,  increasing  in  severity  and  in  facility  of 
reproduction  as  the  resistance  in  the  cord  gi’ows  less. 

In  gelseminum  poisoning  always,  and  in  many  cases  of 
box  poisoning  generally,  when  the  extract  is  much  diluted, 
tetanic  convulsions  are  either  not  more  marked  than  ordi- 
nary (coordinated)  reflex  acts,  or  are  much  weaker;  that 
is  to  say,  the  irritation  exciting  tetanic  spasms  causes  a 
discharge  of  force  in  the  spinal  cord,  either  no  greater,  and 
in  many  instances  much  less  than  is  expended  in  a co-ordi- 
nated reflex  act,  estimating  the  amount  of  nervous  dis- 
charge by  the  amount  of  consequent  muscular  contraction. 
In  all  cases  of  poisoning  by  box,  even  when  the  tetanus  is 
strong,  the  paroxysms  grow  weaker  and  weaker,  and  at 
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last  tliey  fade  away  to  a mere  quivering  of  tlie  muscles.  In 
some  cases  indeed^  even  at  its  height^  tlie  tetanus  is  mani- 
fested in  little  more  tlian  a quivering  of  tlie  muscles.  If 
where  the  tetanus  is  strong  it  is  deemed  necessary  to 
assume  that  in  addition  to  lessened  resistance  there  must 
be  stimulation  of  the  cord,  we  maintain  that,  in  the  in- 
stances now  advanced,  there  can  be  no  stimulation  or 
heightened  action  of  the  cord,  but  the  very  opposite  con- 
dition, the  reflex  function  in  many  cases  being  much 
depressed.  Here  the  stimulus  evokes  reflex  action  in  a 
depressed  cord,  but  through  want  of  resistance  in  the  cord 
the  impression  diffuses  itself,  and  the  reflex  act  itself, 
though  weak,  is  tetanic  in  character ; and  when  it  is  borne 
in  mind  that  this  weak  tetanus  is  preceded  always  by  some, 
often  by  great  and  sometimes  by  almost  complete  de- 
pression of  coordinated  reflex  power,  the  foregoing  view 
is  rendered  yet  more  probable. 

Moreover,  we  would  urge  that  if  tetanus  is  due  to  an 
excited  condition  of  the  spinal  cord,  the  course  of  the 
symptoms  from  box  poisoning  should  be  different  from 
that  we  find  it  to  be.  In  strong  box  tetanus,  when  according 
to  the  ordinary  view,  the  cord  is  stimulated  and  excited, 
then  as  this  condition  subsides  the  tetanic  movements 
should  gradually  decline  and  at  last  cease,  normal  reflex 
(coordinated)  action  returning;  but  we  actually  find  that 
the  tetanic  movements  continue,  grow  weaker  and  weaker, 
till  at  last  all  movement  ceases  and  general  paralysis 
ensues.  It  may  be  said  that  the  tetanus  exhausts  the 
cord,  and  hence  the  convulsions  grow  weaker  and  weaker, 
as  the  cord  becomes  exhausted ; but  this  objection  is 
certainly  without  foundation ; for  the  tetanus  induced  by 
box  or  gelseminum  lasts  little  more  than  an  hour,  and 
is  much  less  intense  than  strychnia  tetanus,  which  endures 
several  days  without  exhausting  the  cord. 

The  rapid  abolition  of  reflex  action  is  therefore  due  to 
the  paralysing  influence  of  box  on  the  cord.  It  may  be 
said  that  on  the  occurrence  of  paralysis  the  tetanus 
gradually  declines;  but  were  the  tetanus  due  simply  to 
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heightened  activity  of  the  cord^  it  is  evident  that  imme- 
diately the  drug  begins  to  depress  the  cord  tetanus  should 
cease ; for  that  the  same  substance  should  simultaneously 
stimulate  and  depress  the  same  organ  is  inconceivable. 

In  these  cases^  where  during  the  tetanic  paroxysm  the 
muscular  contraction  is  not  greater  than  occurs  in  a 
coordinated  reflex  act — certainly  where  the  contraction  is 
weaker — we  must  admit  that  the  tetanus  cannot  depend  on 
an  excited  condition  of  the  cord,  but  solely  on  its  lessened 
resistance^  enabling  an  impression  to  diffuse  itself  through 
the  greater  part  or  the  whole  of  the  motor  tract  of  the 
cord;  hence  all  the  muscles  being  stimulated  we  get 
tetanus. 

The  order  in  which  the  symptoms  occur  favours  the 
view  here  suggested.  After  poisoning  by  box  we  noticed 
that  whilst  a strong  irritation  excited  tetanus^  a weak 
irritation  produced  a weakened  but  natural  (coordinated) 
reflex  act.  The  resistive  power  of  the  cord  at  this 
stage  isj  we  submit,  only  slightly  weakened,  so  that  a 
strong  impression  can^ diffuse  itself,  whilst  a weaker  one 
is  confined  to  that  part  of  the  cord  naturally  associated 
with  the  irritated  nerve.  At  first,  too,  the  tetanus  is 
limited  to  the  irritated  limb  because  the  resistive  power 
being  only  a little  weakened,  the  diffusion  of  the  im- 
pression through  the  cord  is  correspondingly  limited. 
Then  as  poisoning  progresses,  the  resistive  power  of  the 
cord  grows  weaker  and  weaker,  and  impressions  diffuse 
themselves  more  easily  and  more  widely,  till  at  last  the 
whole  or  the  greater  part  of  the  body  becomes  tetanised. 

In  making  certain  observations  to  ascertain  how  long  in 
fi’Ogs  reflex  action  continues  after  section  of  the  cord,  we 
obtained  some  curious  and  unexpected  results,  which 
strikingly  confirm  the  view  we  have  ventured  to  advance. 
After  dividing  the  cord  and  destroying  the  brain  by 
passing  a wooden  peg  through  the  occipital  foramen  into 
the  cavity  of  the  skull,  we  allowed  time  for  the  animal  to 
recover  from  the  shock,  and  then  tested  the  reflex 
irritability.  This  was  always  natural  (coordinated),  and 
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unless  the  blows  over  the  back  were  too  frequently 
repeated,  never  in  any  case  tetanic.  We  afterwards 
tested  reflex  action  always  thrice  daily,  morning,  noon, 
and  at  night. 

Soon  after  coordinated  reflex  action  began  to  decline, 
we  noticed  that  these  frogs  when  allowed  to  fall  the 
height  of  an  inch  or  two  on  to  the  glass  plate  became 
slightly  tetanic.  The  tetanic  movements  were  still  more 
manifestly  induced  by  striking  the  animal  with  the 
handle  of  the  forceps  over  the  spine  between  the  forelegs. 
In  the  ratio  of  the  loss  of  natural  (coordinated)  reflex 
action  these  tetanic  spasms  became  more  marked,  and 
were  more  easily  produced ; then  as  coordinated  reflex 
action  further  declined,  so  did  the  tetanus  j but  even 
then,  after  all  co-ordinated  reflex  action  had  ceased,  a 
sharp  blow  over  the  spine  or  on  one  of  the  extremities 
would  elicit  slight  tetanic  extension  of  the  legs,  with 
much  quivering  of  the  abdominal  muscles.  We  made 
careful  observations  on  twenty- eight  frogs,  and  with’  one 
exception  these  became  tetanic. 

We  will  now  describe  in  detail  one  of  our  ordinary  cases  of  tetanus, 
taking  for  tbe  purpose  the  first  on  the  list.  The  animal  was  a com- 
mon Enghsh  frog  weighing  eighteen  grammes.  The  experiment 
was  commenced  on  Friday  the  28th  of  April,  the  weather  at  the 
time  being  warm  and  showery. 

The  head  of  the  animal  having  been  depressed  with  the  forefinger 
of  the  left  hand,  the  nail  readily  detected  the  depression  at  the  base 
of  the  skull.  The  point  of  a clean,  sharp  knife  was  then  introduced 
so  as  to  cut  through  the  occipito-atlantal  membrane  and  the  sub- 
jacent medulla.  The  extremity  of  a sharpened  match  was  then 
thrust  into  the  skull  through  the  foramen  magnum  so  as  to  destroy 
the  brain  with  as  little  loss  of  blood  as  possible.  The  spigot  of  wood 
was  retained  in  position,  and  no  haemorrhage  was  visible  externally. 
The  animal  suffered  but  slightly  from  the  shock,  and  in  a minute  or 
two  reflex  action  was  found  to  be  perfect,  the  whole  body  being 
drawn  up  when  lifted  by  one  leg.  Twenty-one  hours  after,  on  strik- 
ing the  back  in  the  cervical  region  with  a pair  of  forceps,  the  legs 
were  suddenly  shot  out  straight,  in  a manner  which  was  clearly 
tetanic  in  nature.  On  placing  side  by  side  with  this  animal  a frog 
which  had  just  been  operated  on,  the  contrast  was  very  great,  the  legs 
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ill  the  latter  remaining  perfectly  motionless  wlien  tlie  back  was 
struck.  By  the  evening  of  the  second  day  (thirty  hours  after  the 
operation)  there  was  a little  diminution  of  reflex  action.  At  first,  on 
striking  the  back  no  tetanus  was  observed,  but  on  repeating  the  blow 
the  legs  were  shot  out  as  in  the  morning,  but  rather  more  strongly. 
On  Sunday  morning  (forty-five  and  a half  hours  after  the  operation)  a 
still  further  decline  in  the  amount  of  coordinated  reflex  action  was 
noticeable,  although  it  was  still  fairly  strong.  The  tetanus  had  in- 
creased in  severity  and  was  very  readily  excited.  Lifting  the  animal 
ever  so  slightly  from  the  table  and  then  dropping  it  would  at  once 
induce  a paroxysm,  the  legs  being  shot  out  and  the  web  of  the  foot 
widely  distended.  On  Monday  both  reflex  action  and  tetanus  gradu- 
ally declined ; and  on  Tuesday  (the  fifth  day)  had  entirely  ceased. 

We  will  now  describe  an  experiment  in  which  the  tetanus  may 
we  venture  to  think,  be  fairly  denominated  ‘‘  very  strong.”  There 
is  no  occasion  to  describe  the  mode  of  preparation,  as  it  was  identi- 
cal with  that  already  detailed.  It  was  thought  possible  that  the 
rapidity  of  decomposition  in  the  warm  laboratory  might  interfere  with 
the  development  or  duration  of  tetanus,  and  this  animal  was  conse- 
quently kept  during  the  time  it  was  under  observation  in  what  we 
may  call  a miniature  icehouse,  the  temperature  of  which  ranged  from 
12°  to  15°  0.  Four  hours  after  the  operation  coordinated  reflex  action 
was  good,  and  there  was  slight  tetanus.  During  the  remainder  of  this 
and  on  the  following  day  the  tetanus  gradually  increased  in  inten- 
sity, and  in  thirty-one  hours  after  the  operation  was  very  powerful. 
The  slightest  touch  on  the  back  induced  a violent  tetanic  spasm,  in 
which  the  legs  were  forcibly  extended.  The  paroxysm  lasted  more 
than  a minute,  and  the  animal  was  taken  up  by  the  legs  and  held 
out  horizontally,  so  great  was  the  rigidity.  The  individual  muscles 
of*  the  limbs  stood  out  most  prominently,  and  as  the  paroxysm 
declined  could  be  seen  rapidly  alternately  contracting  and  relaxing. 
This  observation  was  at  six  in  the  evening,  and  at  half  past  seven 
on  the  following  morning  both  tetanus  and  coordinated  reflex  action 
had  entirely  ceased. 

We  introduce  the  results  of  our  observations  in  the 
following  table.  In  the  first  column  we  give  the  number 
of  frog  ; in  the  second  the  date  ; in  the  third  the  degree 
of  tetanus ; in  the  fourth  the  time  the  tetanus,  began  on 
merely  striking  the  back  once  or  twice  (more  frequent 
and  more  powerful  irritation  would  always^  as  we  have 
subsequently  shown^  depress  the  cord  and  produce  tetani- 
form  movements)  ; in  the  fifth  the  time  the  tetanus 


158 

414  ON  BUXUS  SEMPEEVIEENS  WITH  EEFEEENCE 

ceased ; in  the  sixth  the  time  it  lasted ; in  the  seventh 
the  time  normal  (coordinated)  reflex  action  ceased. 


Table  comparing  reflex  action  and  tetanus  in  frogs  which 

had  been  ggegged. 


No.  of  frog. 

Date. 

Tetanus, 
degree  of. 

Tetanus 

began. 

Tetanus 

ceased. 

Tetanus 

lasted. 

Reflex 

action 

ceased. 

I 

1876. 
April  28 

Moderate 

Hours 

30 

Hours 

78 

Hours 

48 

Hours 

98 

II 

Slight 

20 

45 

25 

19 

III 

yy 

yy 

30 

78 

48 

52 

IV 

yy 

yy 

20 

46 

26 

30 

V 

yy 

Moderate 

20 

98 

78 

78 

VI 

yy 

Strong 

20 

69 

49 

52 

VII 

April  29 

Slight 

10 

49 

39 

57 

VIII 

May  3 

Strong 

7 

79 

72 

79 

IX 

yy 

yy 

3 

75 

72 

75' 

X 

yy 

Very  strong 

3 

55 

52 

55 

XI 

May  6 

Slight 

20 

75 

55 

95 

XII 

yy 

yy 

20 

51 

31 

92 

XIII 

yy 

yy 

20 

28 

8 

28 

XIV 

yy 

Moderate 

20 

71 

51 

68 

XV 

j> 

yy 

20 

71 

51 

68 

XVI 

yy 

yy 

3 

68 

65 

68 

XVII 

May  10 

strong 

28 

51 

23 

51 

XVIII 

yy 

Slight 

48 

81 

33 

81 

XIX 

yy 

Very  strong 

28 

96 

68 

72 

XX 

yy 

Moderate 

23 

106 

83 

96 

XXI 

yy 

None 

• • « 

• • • 

f • • 

23 

XXII 

yy 

Very  strong 

4 

47 

43 

47 

XXIII 

May  15 

yy 

4 

81 

77 

77 

XXIV 

yy 

strong 

4 

57 

53 

48 

XXV 

yy 

Slight 

4 

72 

68 

72 

XXVI 

yy 

Moderate 

4 

59 

55 

28 

XXVII 

yy 

Strong 

4 

48 

44 

48 

XXVIII 

yy 

Moderate 

4 

52 

48 

48 

This  table  shows  that  in  four  frogs  the  tetanus  was 
very  strong ; in  six  strong ; in  eight  moderate  j in  nine 
slight  j and  in  one  it  was  absent. 

The  degree  of  tetanus  varied  mnch^  generally  it  con- 
sisted of  the  posterior  legs  being  strongly  shot  ont^  to  be 
immediately  relaxed,  but  with  several  frogs  the  parox- 
ysms when  at  their  height,  lasted  from  a quarter  of  a 
minute  to  a minute,  the  legs  being  rigidly  extended,  so 
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as  to  raise  the  animal  off  the  table,  and  we  could  hold  it 
out  horizontally  by  the  hind  legs. 

We  may  repeat,  that  directly  after  recovery  from  the 
shock  after  division  of  the  cord,  even  strong  irritation, 
unless  often  repeated,  failed  to  excite  tetanus,  but  soon  after, 
sometimes  before,  normal  reflex  action  had  declined,  strong 
irritation  induced  tetanus,  whilst  weaker  irritation  provoked 
only  a coordinated  reflex  act.  As  paralysis  progressed, 
shown  in  the  increased  weakness  of  the  coordinated  reflex 
acts,  tetanus  was  more  readily  induced  and  became  more 
marked,  though  even  at  its  height  the  paroxysms  could  not 
be  induced  in  rapid  succession,  an  interval  of  rest  being 
required.  It  will  be  observed  that  in  these  frogs  the 
tetanus  generally  closely  corresponded  to  the  latter  stages 
of  tetanus  induced  by  box  and  the  whole  tetanic  stage  of 
gelseminum.  In  some  cases,  however,  the  tetanus  was 
strongly  marked,  each  paroxysm  lasting  half  a minute  or 
even  longer.  These  cases  are  comparable  with  the  whole 
stage  of  box  poisoning ; for  in  each  strong  paroxysm  a far 
greater  discharge  of  nervous  force  took  place  in  the  cord 
than  occurs  in  a normal  (coordinated)  vigorous  reflex  act  ; 
and  therefore,  according  to  the  current  views,  the  cord 
would  be  said  to  be  excited.  But  we  have  pointed  out 
that  tetanus  was  at  its  height  simultaneously  with  much 
weakened,  coordinated  reflex  action,  and  shortly  before  all 
reflex  action  ceased,  so  that  when  tetanus  became  marked 
we  could  foretel  that  the  cord  was  rapidly  losing  power, 
and  that  soon  both  coordinated  and  tetanic  reflex  action 
would  be  abolished.  The  duration  of  the  tetanus  varied 
in  different  frogs,  corresponding  to  the  time  of  continuance 
of  normal  reflex  action,  for  though  after  its  extinction  a 
strong  slap  on  the  back  would  induce  slight  tetanic  exten- 
sion of  the  legs,  yet  this  soon  afterwards  ceased. 

It  may  be  urged  that  the  term  tetanus  is  not  applicable 
to  these  movements  excited  in  brainless  frogs.  These 
movements  are,  however,  certainly  tetanic ; they  exhibit  the 
character  of  tetanic  movements,  though  less  severe  than 
those  due  to  many  poisons*  On  some  occasions  we  obtained 
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even  strong  tetanus^  thougli  never  approaching  in  severity 
tlie  powerful  paroxysms  induced  by  strychnia.  With  the 
hind  limbs  rigidly  and  tonically  extended  the  animal  could 
be  held  out  horizontally.  After  the  paroxysm  declined  the 
contraction  in  each  muscle  became  clonic^  and  thus  pro- 
duced jerking  extension  of  the  legs.  The  paroxysm  some- 
times continued  from  half  a minute  to  a minute ; the 
tetanus,  it  is  true,  in  these  cases  was  unusually  well  marked, 
whilst  in  most  of  our  observations  the  attacks  were  much 
milder,  though  in  character  still  clearly  tetanic,  and  like 
the  declining  tetanus  in  box  and  the  tetanus  of  gelse- 
minum.  If  it  be  objected  that  where  the  paroxysms  are 
not  severe  it  is  not  true  tetanus,  which  we  get  after  poi- 
soning by  box,  we  answer,  that  the  weaker  succeed  powerful 
and  undoubted  tetanic  paroxysms,  these  gradually  growing 
less  and  less,  pass  insensibly  into  a weaker  and  weaker 
form.  If,  then,  the  weaker  paroxysms  after  box  are  cer- 
tainly tetanic,  we  are  clearly  justified  in  classing  as  tetanic 
the  movements  just  described  in  brainless  fi’ogs. 

This  tetanus,  like  other  forms  of  tetanus,  depends  on 
the  spinal  cord.  This  we  proved  by  the  following  experi- 
ment : — On  the  occurrence  of  tetanus  we  divided  the 
sciatic  nerve  of  one  leg,  and  then  found  that  whilst  in  the 
intact  leg  we  could  readily  induce  tetanus,  we  failed  to 
excite  it  in  the  leg  with  the  severed  nerve,  though  some 
movement  occurred  in  the  thigh  muscles  which  receive 
branches  above  the  point  of  division  of  the  sciatic. 

It  cannot  be  maintained,  we  think,  that  this  tetanus  is 
due  to  an  exalted  or  excited  condition  of  the  spinal  cord. 
The  tetanus  is  preceded  by  loss  of  reflex  action  ; it  increases 
in  strength  as  the  coordinated  reflex  action  grows  less ; 
it  is  most  marked  a short  time  before  all  coordinated 
reflex  action  ceases.  Like  the  lessened  coordinated  reflex 
action  it  must  be  due,  we  believe,  to  depression  of  the 
cord.  We  explain  the  tetanus  in  these  brainless  frogs  as 
we  explained  it  when  occurring  in  the  experiments  with 
box  and  gelseminum.  Thus,  soon  after  death,  the  cord 
becomes  depressed,  and  consequently  reflex  action  becomes 
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weaker ; but  with  depression  of  reflex  action  we  get  also 
diminution  of  the  resistive  power  of  the  cord^  whereby 
impressions  cease  to  be  restricted  to  their  proper  portion 
of  the  cord,  but  spreading  widely  cause  tetanic  move- 
ments. At  first,  before  much  weakening  of  the  resistance 
of  the  cord  sets  in,  it  requires  a strong  irritation  to  over- 
come the  remaining  resistance,  weaker  irritation  still 
inducing  coordinated  reflex  action.  As  depression  of  the 
cord  progresses,  the  resistive  power  grows  weaker,  and  the 
tetanic  movements  are  more  readily  induced  and  are  more 
marked.  As,  however,  the  cord  is  much  depressed  they 
are  rarely  severe,  and  an  interval  is  required  to  permit  the 
cord  to  recover  from  the  effects  of  the  previous  discharge. 
The  depression  of  reflex  action  and  resistive  power  progress 
at  the  same  time,  and  consequent^  the  total  loss  of  power 
of  the  cord  both  coordinated  (natural)  and  tetanic  con- 
traction can  be  induced,  the  coordinated  by  slight,  the 
tetanic  by  stronger  irritation. 

The  following  facts  also  tend  to  show  that  tetanus 
depends  on  a depressed  condition  of  the  spinal  cord.  In 
these  brainless  frogs,  at  a time  when  a strong  irritation 
was  required  to  excite  even  slight  tetanus  by  a repe- 
tition of  the  strong  irritation,  as  for  instance  giving 
sharp  blows  in  quick  succession  over  the  upper  part  of  the 
spine,  the  tetanus  soon  became  much  more  marked,  and  it 
was  observed  that,  after  such  strong  irritation,  normal 
reflex  actions  were  induced  with  more  difficulty.  The 
correct  interpretation  of  these  facts,  we  think,  is  that  the 
shock  of  a succession  of  blows  depresses  the  cordis  re- 
sistive power  whereby  the  irritation  diffusing  itself  more 
widely  causes  more  marked  tetanic  movements,  and  at  the 
same  time  weakens  normal  (coordinated)  reflex  action.  If 
the  irritation  is  pushed  still  further,  the  depression  becomes 
so  great  as  temporarily  to  abolish  both  coordinated  and 
tetanic  reflex  action,  and  a short  time  is  required  for  the 
cord  to  recover  itself. 

The  following  observation  tends  to  show  the  validity  of 
this  explanation.  On  striking  repeatedly  a living  vigorous 
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frog  strongly  on  the  back  between  the  shoulders^  we  excite 
at  first  simply  coordinated  reflex  acts^  but  in  a short  time 
after  each  blow  the  posterior  legs  are  shot  out  in  a tetanic 
manner^  though  far  less  energetically  than  when  the  same 
phenomenon  occurs  in  brainless  frogs  on  the  decline  of 
reflex  action.  The  tetaniform  movement  occurs  only  when 
the  shock  of  the  blows  has  so  depressed  the  cord  that  all 
voluntary  and  normal  reflex  action  is  for  the  time  abo- 
lished. After  rest  the  normal  (coordinated)  reflex  action 
returns^  and  these  phenomena  can  be  re-elicited. 

It  appears  that  some  agents,  like  strychnia,  depress  only 
the  resistive  power,  whilst  leaving  unimpaired  the  reflex 
function  of  the  cord.  Hence,  with  the  removal  of  the 
restraining  influence,  slight  impressions  diffuse  themselves 
throughout  the  cord,  and  produce  not  only  a general,  but 
likewise  an  excessive  evolution  of  nervous  force.  Other 
agents  depress  both  the  resistive  as  well  as  the  reflex 
power  of  the  cord ; hence  we  get  tetanus,  though  weak  in 
character.  In  some  cases  the  effects  are  developed  more 
on  the  reflex  function  than  on  the  resistive  power,  and 
here,  as  with  gelseminum,  we  get  considerable  paralysis 
with  slight  tetanus.  This  happens  also  with  regard  to 
strong  blows  on  the  back,  which  depress  both  functions 
very  considerably.  Other  agents  depress  the  resistive 
power  early  and  markedly ; and  in  a less  degree  the  reflex 
function,  with  box  for  example,  we  get  strong  tetanus  with 
slight  paralysis.  These  views  too,  we  think,  will  throw 
light  upon  the  effect  of  slight  chemical  modifications  of  a 
‘ drug  on  physiological  action.  Nerves  in  their  constitution 
must  differ  from  one  another  and  from  the  cerebral  nervous 
system,  since  a given  poison  may  affect  one  part  only  of 
the  nervous  system ; for  instance,  the  motor  nerves  leaving 
the  cord  unaffected.  Strychnia  excites  powerful  tetanus, 
and  when  given  in  very  large  doses  simultaneously  depresses 
the  motor  nerves.  If  converted  into  an  ethyl  compound 
by  substituting  the  radicle  ethyl  in  place  of  a molecule  of 
hydrogen,  strychnia  no  longer  tetanises,  but  powerfully 
paralyses  the  ends  of  the  motor  nerves.  We  submit  that 
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the  physiological  action  is  not  entirely  reversed.  As 
strychnia  it  paralyses  the  constraining  or  resistive  power 
of  the  cord. ; when  converted  into  ethyl- strychnia,  its  che- 
mical affinities  being  somewhat  modified,  it  affects  the  motor 
nerves,  but  still  it  paralyses.  It  is  not  converted  from  a 
stimulant  of  the  cord  to  a depressant  of  the  motor  nerves, 
but  its  chemical  affinities  being  changed  it  affects  the 
motor  nerves ; instead  of  paralysing  the  resistance  of  the 
cord,  it  paralyses  the  motor  nerves.  Its  conversion  into 
ethyl-strychnia  heightens  its  affinities  for  the  nerves,  but 
lessens  or  destroys  its  affinity  for  that  portion  of  the  cord 
which  restrains  and  localises  reflex  action. 
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Part  I. 

These  investigations  were  made  in  order  to  leani  how  the  temperature 
of  the  body  comports  itself  in  health  ; since  to  every  one  it  must  be 
obvious  that  without  such  knowledge  it  is  impossible  to  determine  with 
any  approach  to  certainty  what  variations  in  the  temperature  are  to  be 
accepted  as  indications  of  disease. 

It  is  necessary  to  state  here  some  particulars  of  the  manner  these 
investigations  were  conducted,  and  of  the  precautions  taken  to  avoid 
error. 

The  subjects  of  our  observations  were  confined  to  bed  during  the 
times  when  the  investigations,  continued  on  some  occasions  for  seve- 
ral days,  were  made.  They  were  well  covered  with  bed-clothes,  and, 
indeed,  as  far  as  possible  throughout  the  time  they  remained  in  bed,  were 
kept  under  the  same  conditions,  so  that  any  alterations  in  their  tem- 
perature could  not  be  ascribed  to  any  exposure,  or  to  any  variation  in 
the  temperature  of  the  room,  or  to  other  accidental  and  preventible 
causes. 

The  thermometer  was  generally  placed  in  the  axilla,  though  on  some 
occasions  the  temperature  of  the  mouth  under  the  tongue  and  of  the 
rectum  was  noted  at  the  same  time.  These  observations  are  sufficiently 
numerous  to  enable  us  to  say  that,  due  care  being  taken  and  sufficient 
time  allowed,  the  temperature  of  the  axilla  is  always  identical  with  that 
of  the  mouth  and  with  that  of  the  rectum,  four  to  six  inches  above  its 
termination. 

A non-registering  thermometer  was  retained  in  the  axilla  and  read  in 
situ  until  the  completion  of  each  series  of  these  observations ; and  the 
temperature  was  noted  hourly,  or  nearly  so,  from  9 a.m.  to  a late  hour 
in  the  evening,  usually  to  12  p.m.  On  some  days  hourly  observations 
were  made  during  both  night  and  day.  The  time  of  taking  food  and 
the  kind  and  quantity  were  always  accurately  recorded. 

It  is  well  to  mention  that  some  of  the  persons  who  were  the  subjects 
of  this  investigation  were  convalescents  from  various  diseases,  but  had 
fairly  recovered,  and  might  be  considered  to  be  in  tolerably  good  health. 

That  the  subsequent  remarks  may  be  more  clearly  understood,  we  first 
give  a short  account  of  the  general  course  the  temperature  followed  in 
one  of  the  boys  whose  case  is  recorded  in  this  paper;  and  to  render  the 
account  more  intelligible,  we  attach  a chart  of  his  temperature  variations, 
taken  hourly  for  two  entire  days. 


CJuu't  of  the  Temperature  of  Alfred  Mountai 
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This  chart  indicates  that  the  temperature  does  not  remain  at  about  the 
same  degree  throughout  the  day  and  night,  but  shows  that  a considerable 
diurnal  variation  occurs.  The  temperature  reaches  its  highest  point  at 
about  9 A.M.,  and  continues  much  the  same  during  the  chief  part  of  the 
day  ; while  in  the  evening  it  uniformly  and  greatly  falls  and  remains  at 
its  lowest  depression  during  several  hours  of  the  night ; but  subse- 
quently, in  the  early  morning  hours,  it  again  uniformly  and  quickly  rises. 
This  diurnal  rise  and  fall  constitutes  the  only  great  variations. 

We  now  pass  on  to  speak  first  of  the  observations,  continued  hourly 
without  any  intermission  throughout  the  day  and  night,  made  on  two 
lads,  named  respectively  Alfred  Mountain  and  Alfred  Rundell.  By 
adopting  this  plan  we  shall  learn  what  conclusions  we  may  safely  draw 
from  those  less  complete  observations  which  were  discontinued  at 
12  P.M. 

Alfred  Mountain  was  twelve  years  of  age,  of  a robust  build,  well 
nourished  and  hearty.  He  had  a patch  of  tinea  decalvans,  with  which 
exception  he  was  in  perfect  health. 

The  other  lad,  Alfred  Rundell,  thirteen  years  old,  was  of  a rather 
delicate  constitution,  but  he  had  a good  appetite  and  was  in  his  accus- 
tomed health. 

To  render  our  statement  the  more  clear,  and  to  enable  our  readers  to 
judge  for  themselves  of  the  correctness  of  the  conclusions  arrived  at,  we 
have  thrown  all  the  results  of  the  observations  into  the  form  of  Tables, 
but  the  details  are  recorded  at  the  end  of  this  section  t. 

In  the  first  column  of  the  following  Table  is  given  the  name  of  the 
boy ; in  the  second  the  time  the  observation  lasted ; in  the  third  the 
maximum  temperature  of  the  day ; in  the  fourth  the  amount  of  diurnal 
variation ; in  the  fifth  the  hour  when  the  evening  fall  began ; and  in  the 
sixth  column  the  hour  of  the  commencement  of  the  morning  rise. 


Name. 

Time  of 
Observation. 

Maximum 

Daily 

Tempera- 

ture. 

Amount  of 
Diurnal 
Variation. 

Evening: 
Fall  ^ 
begun. 

Morning 

Rise 

begun. 

Rundell 

10  a.m.  to  9 a.m. 

99-2 

2-2 

6 P.M. 

3 A.M. 

Mountain 

*9 

q 

M 5J  ^ >> 

99-2 

2-2 

6 „ 

3 . 

*9 

q 

99-4 

2-4 

6 „ 

7 „ 

q 

M J)  ^ JJ 

99-4 

2-2 

6 j) 

*9 

,,  ,,  8.15  r.M. 

99-4 

2-2 

5 „ 

9 

„ „ 9 a.m. 

98-8 

2-8 

2 „ 

4 M 

9 

q 

M ^ M 

99-2 

2-2 

4 „ 

3 „ 

1 

9 

q 

>)  5>  ^ )> 

98-6 

1-6 

4 „ 

4 „ 

This  liable  shows  the  results  of  observations  made  hourly  during  both 
night  and  day,  for  eight  days.  On  the  four  days  denoted  by  an  ast3risk 
Ihe  temperature  was  taken  continuously;  thus  the  observations  were 

I The  Charts  are  deposited  for  reference  in  the  Archives. 
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taken  hourly  without  any  break,  from  9.30  a.m.  of  January  12  to  8.15 
of  January  15. 

The  amount  of  daily  variation  of  January  15  is  estimated  from  the 
lowest  temperature  of  the  previous  evening ; but  on  all  the  other  days 
the  daily  variation  is  estimated  from  the  highest  temperature  of  the  day 
to  the  lowest  of  the  following  night. 

From  this  Table  we  gain  information  on  several  points. 

Maximum  Temperature  of  the  Day. 

The  average  maximum  temperature  of  lads  of  about  12  years  of  age  is, 
according  to  our  observations,  99°  Fahr.  Thus  the  highest  temperature 
reached  was  on  ^ 

1 day 98*6 

1 „ 98-8 

3 days  99*2 

3 „ 99-4 

Average ! 99*1 

Diuimal  Variation  of  the  Temperature. 

O 

On  1 day  this  was 1’6  Fahr. 

3 days  2-2  „ 

3 „ 2-4  „ 

1 clay  2*8  „ 

It  thus  appears  that  the  diurnal  variation  in  the  temperature  of  boys 
about  12  years  of  age  is  2°  *2  Fahr. 

Time  when  the  highest  Temperature  of  the  Day  is  reached. 

This  occurred  at  some  period  between  the  hours  of  9 a.m.  and  6 p.m. 
Thus  on 

1 day  the  highest  temperature  was  at  2 p.m. 

1 „ from  8 A.M.  to  10  a.m. 

1 „ at  10  „ 

1 » » 10  „ 

1 ,,  „ 4 P.M. 

The  Hour  of  the  Day  when  the  Evening  Fall  begins. 

It  will  be  subsequently  more  fully  shown  that  during  the  early  morn- 
ing hours  the  temperature  quickly  rises,  and  then  during  the  greater 
part  of  the  day  remains  at  about  its  highest  point.  In  the  evening  it 
again  quickly  falls,  until  the  lowest  temperature  of  the  day  is  reached. 
The  time  of  day  when  the  temperature  of  these  lads  begun  to  fall  varied 
very  greatly ; thus  on 

1 day  the  evening  fall  began  at 2 p.m. 

— dll^  s ,,  ,,  ,,  4 ,, 
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8 days  the  evening  fall  began  at 6 p.m. 

Q 7 

'^5?  • 

1 day  „ „ „ 9 „ 


In  this  Table  we  have  not  restricted  ourselves  to  the  observations  con- 
tinued during  both  day  and  night,  but  have  used  other  observations  in 
which  the  temperature  was  noted  only  till  a late  hour  in  the  evening,  as 
these,  it  is  obvious,  may  be  fairly  used  for  our  present  purpose. 

This  Table  proves,  still  more  strongly  than  a foregoing  one,  that  if  our 
observations  are  continued  till  8 p.m.  our  observations  will  include  the 
maximum  daily  temperature  of  the  day  in  boys  of  the  age  of  these  lads. 

It  shows  also  that  in  persons  of  their  age  the  evening  fall  usually 
begins  between  5 p.m.  and  7 p.m.  ; but  it  likewise  shows  that  exceptions 
occur,  for  the  evening  fall  may  begin  either  before  or  after  the  time 
stated.  The  fall,  however,  happens  more  frequently  before  than  after. 


The  Hour  when  the  Morning  Rise  begins. 


This  varies  greatly.  Thus  on 

4 days  this  began  at  3 

1 day  „ „ 4 

1 r. 

•*-  J?  

f 5)  JJ  55  6 

1 7 


A.M. 

55 

55 

55 

55 


From  this  w^e  may  conclude  that  in  lads  of  about  12  years  old  the 
morning  rise  usually  begins  between  3 a.m.  and  7 a.m. 

The  chief  part  of  the  rise  w-as  completed  by  9 a.m.  After  this  hour  the 
temperature  usually  remained  at  much  the  same  height,  until  the  evening 
fall  began.  Thus  on 

4 days  the  temperature  remained  much  the  same 

from  9 A.M.  to  5 p.m.  = 8 hours. 


1 day 


55 

95 

1 „ 

55 

99 

1 55 

55 

99 

55 

10 

55 

6 

55 

= 8 

99 

55 

10 

55 

5 

55 

=7 

99 

55 

9 

55 

4 

55 

= 7 

99 

On  one  day  the  temperature  remained  much  the  same  from  8 a.m.  to 
1 P.M.,  then  fell  very  slowly  till  8 p.m.  ; afterwards  the  fall  was  much 
more  rapid. 

Hence  it  would  appear  that  in  boys  of  the  age  of  12  the  temperature 
continues  at  about  its  maximum  for  7 to  8 hours. 


The  Time  at  which  the  Maximum  Depression  was  reached 
varied  greatly  in  these  lads.  Thus  on 


1 day  it  w as  reached  at 

2 days 

99  

9 

1 day 

99  

10 

I 55  55 

99  

11 

f 55  55 

55  

12 

2 days  ,, 

99  

1 
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On  six  of  tliese  eight  days  the  lowest  temperature  of  the  day  was 
reached  by  12  p.m.  ; on  two  days  this  was  not  attained  until  1 a.m.  ; but 
the  fall  in  the  temperature  after  12  p.m.  on  these  two  occasions  was  but 
sbght,  in  each  case  amounting  to  only  0°‘4  Fahr. 

It  thus  appears  that  if  in  other  persons  of  about  the  age  of  these  lads 
oar  observations  be  continued  till  12  p.m.,  we  shall  obtain  the  whole,  or 
nearly  the  whole,  of  the  daily  variation  of  the  body  temperature. 

The  temperature  does  not  begin  to  rise  immediately  after  its  minimum 
has  been  reached,  but  remains  at  about  its  lowest  point  during  several 
hours  before  the  morning  rise  begins  ; thus  on 


2 days  it  remained  at  about  its 

minimum 

2 hours 

1 day  „ 

4 „ 

I ?? 

5 „ 

2 days 

8 „ 

1 day 

11  „ 

We  thus  see  that  in  these  observations  the  maximum  depression  is 
uhially  of  shorter  duration  than  the  maximum  elevation. 

Thus  we  have  learned  that  observations  continued  from  9 a.m.  to 
12  P.M.  give  us  not  merely  the  highest  temperature  of  the  day,  but  like- 
wise the  hour  when  the  temperature  begins  to  fall — the  chief,  ^nd  in 
many  cases  the  whole,  of  the  evening  fall.  With  this  information  we  are 
enabled  to  use  some  other  though  less  complete  observations,  in  which 
the  temperature  was  not  observed  during  the  night  after  12  p.m.  We 
shall  thus  be  able  to  confirm  or  to  correct  by  a larger  number  of  observa- 
tions the  foregoing  conclusions. 

On  the  Temperature  of  Healthy  Persons  of  different  Ages. 

In  this  section  we  give  the  results  of  observations  of  persons  of  various 
ages  in  whom  the  temperature  was  taken  only  till  12  p.m.  On  two 
men,  however,  of  about  forty  years  of  age,  the  observations  were  con- 
tinued throughout  the  night  and  day ; and  we  are  therefore  able  to  com- 
pare the  temperature  of  the  whole  twenty-four  hours  of  persons  of 
different  ages. 

The  observations  were  made  on  the  following  persons  : — 

James  Eedfern,  a child  five  years  old,  convalescent  from  rickets.  His 
appetite  was  good.  The  ends  of  the  bones  were  still  enlarged,  and  there 
was  some  flattening  and  depression  of  the  axillary  regions  of  the  chest. 

Thomas  Thompson  and  Alfred  E/undell,  aged  respectively  1 1 and  13, 
were  both  in  excellent  health. 

Frank  Legg,  23  years  old,  convalescent  from  a very  slight  attack  of 
rheumatic  fever.  He  was  free  from  pain,  and  his  appetite  was  good. 

Cornelius  Farmelow,  40  years  of  age,  and  Alfred  Purse,  55  years  old, 
were  both  in  good  health. 
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Joseph  Games,  48,  had  commencing  locomotor  ataxy.  He  was  an 
unusually  stout  man  with  a capital  appetite. 

John  Hilton,  68,  suffered  from  slight  rheumatic  pains.  His  joints 
were  slightly  enlarged.  His  appetite  was  good. 

Alfred  Mountain  we  have  already  referred  to. 

We  have,  as  on  a previous  occasion,  thrown  all  the  details  of  these 
observations  into  the  form  of  a Table ; the  observations  are  given  in 
detail  at  the  end  of  this  section  and  are  deposited  in  the  Archives. 


Name. 

Condition. 

Date. 

Time  observation 
continued. 

Max. 

temp. 

Min. 

temp. 

Daily 

variation. 

Evening 

fall 

begun. 

Redfern,  fet.  5 

Convalescent 

Dec.  15 

9.25  A.M.to  12 

p.M. 

99-2 

96-8 

o 

2-4 

2 

p.M. 

from  Rickets 

„ 16 

9.30  „ to  12 

9 

98-8 

97 

1-8 

2 

„ 20 

9.15  „ to  12 

99 

99 

97 

2 

3 

99 

Gibbs,  eet.  11 

Convalescent 

Dec.  7 

9.30  „ to  12 

99 

98-6 

96-4 

2-2 

10 

AM. 

from  Ty- 

» 8 

9.30  „ to  12 

99 

99 

97 

2 

7 

P.M. 

phoid  Fever 

» 9 

9.30  ,,  to  12.30  a.m. 

99 

97 

2 

7 

99 

Thompson,  set.  11... 

Healthy 

Dec.  8 

9.30  „ to  12 

P.M. 

99-6 

97-6 

2 

7 

99 

,,  9 

12  „ to  12.30  A.M. 

99-4 

97-2 

22 

4 

99 

„ 10 

9.30  „ to  12.30,, 

99-4 

97-4 

1-6 

6 

99 

,,  12 

9.30  „ to  12 

P.M. 

99-2 

97-2 

2 

7 

99 

Rundell,  set.  13 

Healthy 

Dec.  6 

6 p.M.  to  12 

P.M. 

99-2 

97-2 

2 

8 

99 

„ 17 

4 „ to  1 

A.M. 

99-2 

97-4 

1-8 

7 

18 

4 ,,  to  12 

P.M. 

98-8 

97-2 

1-6 

7 

99 

Legg,  set.  23  

Convalescent 

Dec.  10 

9.30  A.M.  to  12.30  a.m. 

99 

97 

2 

8.30  „ 

from  Rheu- 

n 11 

9 „ to  1 

99 

99-2' 

96-8 

2-4 

matism 

„ 12 

9 „ to  12 

P.M. 

99-2 

97-2 

2 

» 14 

4 p.M.  to  12 

99 

98-8 

97-4 

1-4 

Mountain,  set.  10  ... 

Healthy 

Dec.  13 

11  A.M.  to  12 

99 

98-2 

• • • 

1 

9 

99 

„ 14 

9 „ to  12 

99 

99-2 

• • • 

2 

6 

„ 15 

9.30  „ to  12 

99 

99-2 

• • • 

1-6 

6 

„ 16 

9.20  „ to  12 

99 

99 

... 

1-6 

7 

„ 17 

9 „ to  12 

99 

99-2 

« • • 

1-8' 

7 

„ 28 

2.45  p.M.  to  11 

99 

99 

• • • 

1-2 

7 

„ 29 

9.15  a.m.  to  12.15  A.M. 

99-2 

... 

2-2 

6 

99 

Farmelow,  set.  40  . . . 

Healthy 

Dec.  7 

24  hours 

98-6 

97-2 

1-4 

9.30a.m.i 

» 8 

98-6 

97-2 

1-4 

9.30  „ 

„ 9 

98-6 

97-4 

1-2 

5 

P.M. 

„ 10 

98-4 

97-6 

0-8 

3 

A.M. 

M 11 

fJ 

99 

98-2 

0-8 

„ 19 

99 

98-4 

0-6 

Games,  set.  48  

Slight  loco- 

Dec.  7 

f) 

99-2 

98-2 

10 

motor  ataxy 

» 5 

99 

0 

99 

99 

98-9 

10 

„ 3 

9 9 

99-4 

98-4 

10 

,,  4 

9) 

99-6 

98-8 

0-8 

Purse,  set.  55 

Healthy 

Dec.  7 

9 .30  A M.  to  1 2 P M 

98-4 

97-fi 

O'S 

Hilton,  set.  68  

Chronic 

Dec.  7 

9.30  „ to  12 

99 

98-6 

98 

\J  O 
06 

Rheumatism 
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We  next  extract  from  this  Table  the  average  maximum  temperature 


?ui(l  the  average  daily  variation  at  difi’erent  ages. 

5 years  of  age.  liedferu.  3 observations. 

Average  maximum  temperature '99°  Fahr. 

Average  diurnal  variation  2°’06  Fahr. 

Evening  fall  begun  between. 2p.m.  and  3 p.m. 

10  and  11  }nars.  Mountain,  G-ibbs,  and  Thompson.  14  observations. 

Average  daily  maximum  temperature 99° 

Average  daily  variation 1°’8 

Evening  fall  begun  between 4p.m.  and  7 p.m. 

It  begun  once  at  10  a.m.  and  once  at  9 p.m, 

23  years.  Eegg,  3 observations. 

Average  daily  maximum  temperature 99°*1 

Average  daily  variation  2°*1 

Evening  fall  begun  6 p.m.  and  8 P.M, 

Average  of  all  the  foregoing  observations,  v\  hich  were  all  made  on 
persons  under  25  years  of  age ; — 

Average  maximum  daily  temperature 99° 

Average  daily  variation  1°'9 


Evening  fall  begins  usually  l3etween  2 and  8 p.m. 

These  general  conclusions  are  almost  identical  with  those  afforded 
by  the  more  complete  observations  made  on  Mountain  and  Eundell,  and 
we  think  they  may  be  accepted  as  generally  true  of  all  persons  under 
25  years  of  age. 

We  now  give  the  averages  of  the  persons  over  40  years  of  age : — 

40  years.  Farmelow.  6 series  of  observations,  which  were  continued 


through  the  day  and  the  night. 

Average  maximum  dady  temperature 98°*7 

Average  diurnal  variation  1°*0 

48  years.  Games.  5 series  of  observations,  each  continued  for  24 
hours. 

Average  maximum  daily  temperature  . 99° 

Average  diurnal  variation 0°-76 

55  years.  Purse.  One  observation. 

Maximum  temperature 98°’4 

Daily  variation  0°-8 

68  years.  Hilton. 

Maximum  temperature 98°*6 

Daily  variation  0°’6 

Averages  of  all  the  persons  over  40  years  of  age : — 

Average  maximum  daily  temperature  98°*8  Fahr*. 

Average  daily  variation 0°-87  „ 
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We  are  now  in  a position  to  compare  the  temperature  of  persons 


under  25  with  that  of  persons  over  40  years  of  age. 

Average  daily  maximum  temperature  of  all  the  observations 

made  on  persons  under  25  years 99°  Fahr. 

Average  daily  variation  of  the  temperature  of  the  same 

persons  1°*9 

Average  maximum  temperature  of  persons  over  40  98°*8 

Average  daily  variation  0°*87 


From  this  Table  it  appears  that  the  daily  variations  in  old  people  is 
considerably  less  than  that  of  young  people  ; in  fact  the  variations  in 
persons  over  40  is  only  half  that  of  persons  under  25  years. 

On  the  other  hand,  the  daily  maximum  temperature  is  much  the  same 
both  under  25  and  over  40. 

But  the  difference  is  not  merely  in  the  amount  of  depression,  but  in 
the  manner  of  its  occurrence.  In  young  people  we  get  in  the  evening 
a very  rapid  fall,,  and  the  minimum  temperature  of  the  day  is  quickly 
reached  ; often,  indeed,  in  three  or  fours  hours.  In  persons  over  40, 
whose  temperature  was  taken  through  the  day  and  night,  so  rapid  a fall 
rarely  occurs ; but  the  temperature  usually  declines  very  slowly,  and  as 
soon  as  the  minimum  is  reached  it  again  begins  to  rise,  so  that  not  only 
is  the  amount  of  the  evening  fall  less  in  these  older  persons,  but  the 
period  of  the  depression  is  also  shorter,  generally  very  much  shorter. 

It  may  here  be  noted  that  on  some  days,  even  when  the  temperathre 
was  observed  for  twenty-four  hours,  no  diurnal  variation  occurred  in 
persons  over  40  years  of  age.  But  the  temperature  of  these  older 
differs  in  yet  another  respect  from  that  of  younger  persons ; thus 
apparently  the  diurnal  fall  does  not  observe  any  particular  time,  but 
occurs  sometimes  in  the  middle  of  the  night,  and  at  other  times  in  the 
morning  at  about  9 a.m. 

Part  II. 

Concerning  the  injluence  of  Food  on  the  Temjgerature  of  Healthy  People. 

In  a previous  section  a considerable  diurnal  variation  in  the  tempera- 
ture, often  amounting  to  two  degrees,  has  been  shown  to  occur. 

It  is  important  to  ascertain  whether  this  variation  is  produced  by  food 
or  is  due  to  other  causes.  Our  present  section  is  devoted  to  the  solu- 
tion of  these  questions. 

We  shall  at  first  turn  our  attention  to  the  observations  made  on  the 
lads  Rundell  and  Mountain.  As  these  were  continued  night  and  day, 
without  any  interruption,  and  as  we  have  accurate  accounts  of  the  quan- 
tity and  the  nature  of  their  food,  it  is  obvious  we  shall  obtain  much  more 
trustworthy  conclusions  from  these  than  from  less  elaborate  and  exact 
observations. 

These  tvA^o  lads  were  about  twelve  years  of  age.  The  observations 
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from  which  we  uow  draw  our  couclusious  will  be  found  in  full  at  the 
end  of  the  sections  treating  of  the  temperature  of  health,  and  on  the 
influence  of  baths  on  the  heat  of  the  body. 

■ We  hope  to  show  the  high  probability  that  the  diurnal  variation  of  the 
temperature  is  altogether  independent  of  food ; and,  while  attempting  to 
establish  this,  we  shall  speak  first  of  the  influence  of  breakfast,  secondly 
of  the  tea,  and  lastly  of  the  dinner. 

Concerning  the  behaviour  of  the  temperature  before  and  after  break- 
fast, it  may  be  stated  that  these  boys  took  breakfast  at  6 a.m.,  dinner 
at  12,  and  tea  at  5 p.m. — no  food  being  allowed  at  other  times,  with  one 
exception,  which  at  the  proper  place  will  be  noted  and  referred  to. 

Is  the  daily  rise  qf  the  body  temperature  due  to  food  ? During  the 
early  inorning  hours,  before  breakfast,  the  temperature  rose  considerably ; 
indeed  rather  more  than  half  the  diurnal  rise  took  place  before  6 a.m., 
the  breakfast  time  of  these  lads,  showing  that  some  of  this  rise  is  not 
due  to  food.  This  part  of  the  rise,  it  must  be  apparent,  could  not 
be  produced  by  food,  unless,  indeed,  it  be  attributed  to  the  tea  of  the 
previous  evening,  a supposition  impossible  to  maintain,  as  ten  hours 
elapsed  between  the  tea  and  the  beginning  of  the  morning  rise.  The 
chief  influence  of  a meal  on  the  body  is  expended  during  the  third  to 
the  fifth  hour,  and  then  gradually  declines  and  usually  ceases  altogether 
in  ten  hours,  a fact  shown  by  the  variations  in  the  urea  of  the  urine 
after  a meal.  During  the  three  first  hours  the  quantity  of  urea  gradually 
increases,  then  for  an  hour  or  more  the  maximum  quantity  is  maintained, 
after  which  it  gradually  grows  less,  till  the  standard  of  inanition  is 
reached. 

Now  in  all  our  observations  during  the  early  hours  of  the  evening, 
when  the  influence  of  the  evening  meal  was  greatest,  the  temperature 
fell  considerably,  and  the  rise  of  temperature  did  not  begin  till  the  effects 
of  food  must  have  entirely  ceased. 

We  are  thus  driven  to  admit  that  half  the  daily  rise  is  due  to  other 
causes  than  food. 

The  annexed  Table  gives  a summary  of  the  observations  elsewhere 
recorded  in  detail,  and  includes  the  whole  of  the  morning  rise,  which  was 
always  accomplished  by  9 a.m. 

The  first  column  gives  the  name  of  the  lad ; the  second  the  hours 
before  breakfast  during  which  the  temperature  rose ; the  third  the  rise 
before  breakfast ; the  fourth  the  hourly  rise  5 the  fifth  the  hours  of 
observation  after  breakfast ; the  sixth  the  rise  during  this  time ; the 
seventh  the  hourly  rise  after  breakfast ; and  the  last  column  gives  the 
*ood  taken  during  the  investigation. 
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Name. 

Temperature 
taken  from 

Temp. 

rose. 

Rose 

per 

liour. 

Temperature 
taken  from 

Rise. 

oF. 

F 

0 ^ * 

Mountain 

3 A.M.  to  6 A.M. 

TO 

033 

()  A..M.  to  0 A.M, 

00 

3 „ „ 6 „ 

TO 

0-33 

Ditto. 

00 

>>  >!  t)  ), 

T2 

03 

ji 

0-4 

2 M „ 0 „ 

TO 

0-25 

3 ,,  „ 8 „ 

0-8 

3 „ „ 6 „ 

2-0 

006 

3 „ .7  9 „ 

0-6 

T2 

024 

Ditto. 

0-6 

3 „ „ 6 „ 

0-8 

0-23 

if 

1 

2 „ „ 6 „ 

T4 

0-35 

if 

0-0 

4 ,,  7)3)) 

0-8 

0-4 

fi 

TO 

2 „ „ 6 „ 

10 

0-25 

fi 

1 

4 (\ 

0-4 

0-2 

if 

TO 

3 „ „ 3 „ 

T2 

0-4 

fi 

0-4 

Rundell . . . 

2 6 
^ if  if  ^ a 

T2 

0-3 

ff 

0-8 

A VHva  P'e . . 

1 0-328 

Average 

Rise 

per 

Jiour. 

Bi’eakfast. 

O 

02  1 
0-2  f 

Tea  vrith  little  milk  in  it. 

0-13 

Jji*eakfast-cup  of  cocoa,  & 

^ round  of  bread  & butter. 

0-4 

Cup  of  cocoa. 

0-2 

ii 

0-2 

ff 

0-33 

fi 

0-2 

ff 

0-53 

^ pint  of  milk,  § round 

of  bread. 

0-33 

Cup  of  cocoa. 

0-33 

) f 

0-13 

ff 

0-20 

^ pint  of  milk,  ^ round  on: 

bread  and  butter. 

0-204 

To  what  extent  was  the  elevation  following  brealdast  due  to  that  meal  ? 
Probably  to  a very  small  extent ; for  : — 

1st.  The  rise  after  breakfast  was  somewhat  less  than  the  rise  before  it, 
the  Table  showing  that  the  average  hourly  rise  of  all  the  observations 
before  breakfast  w^as  0°'328  Pahr.,  while  the  hourly  average  rise  after 
this  meal  was  0°*264  Pahr.  It  thus  appears  that,  apart  from  food,  the 
causes  which  influence  the  diurnal  variation  are  adequate  to  explain  the 
rise  which  happened  after  breakfast. 

2nd.  The  rise  after  breakfast  if  due  to  food  should  be  in  proportion  to 
the  quantity  taken ; but  no  such  relation  occurred.  The  rise,  as  the 
Table  shows,  was  somewhat  greater  after  a cupful  of  very  weak  tepid 
tea  than  after  a fairly  hearty  meal. 

3rd.  On  the  morning  when  these  boys  took  only  a cupful  of  tea,  they 
may  be  considered  to  have  practically  gone  without  breakfast ; yet  on 
these  days  the  rise  took  place  as  usual,  showing  that  the  greater  part  of 
the  after  breakfast  rise,  and  in  all  likelihood  the  rise  on  other  days,  must 
be  independent  of  food. 

Still  restricting  our  attention  to  the  observations  on  Mountain  and 
* Rundell,  we  pass  on  to  consider  how  far  the  evening  fall  in  the  tempera- 
ture is  affected  by  the  evening  meal. 

These  boys  took  tea  at  5 p.m.,  always  a very  hearty  meal,  often  the 
largest  of  the  day,  and  generally  consisting  of  two,  often  of  three 
biead  and  butter,  with  tea  or  cocoa.  They  had  no  supper,  and  were 
allowed  to  fall  asleep  .at  their  pleasure,  and  were  not  awakened  when  the 
temperature  was  read  off.  Due  care  was  taken  that  they  were  well 
covered  with  bed-clothes. 

In  sixteen  obseivations  the  temperature  after  tea  fell  iiumediatelv  and 
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coutinuously,  until  it  reached  the  lowest  point  ot‘  the  night.  In  many 
cases  the  evening  fall  had  begun  before  the  tea  ; in  one  case  only  did  it 
rise  after  the  meal,  and  on  this  occasion  to  the  extent  only  of  Fahr., 
and  for  a very  short  time. 

On  these  occasions,  as  the  fall  occurred  immediately  after,  and  not- 
withstanding a hearty  meal,  and  moreover  as  the  boys  were  in  all  respects 
placed  in  the  same  conditions  throughout  the  day,  it  is  obvious  that  we 
must  admit  that  there  are  certain  circumstances  irrespective  of  food 
which  determine  the  diurnal  variation  of  the  temperature.  Is  all  this 
fall  due  to  these  unlmovvn  circumstances  ? Or  must  we  admit  that  a 
portion  of  the  previous  rise  is  due  to  the  food,  and  as  its  heat-producing 
effects  wear  off,  and  as  the  inanition  period  is  reached,  a fall  takes  place 
equal  in  amount  to  the  previous  rise  determined  by  the  food  ? 

We  will  now  give  reasons  which  lead  us  to  conclude  that  the  total  of 
the  fall  is  due  to  circumstances  wholly  apart  from  the  food. 

The  question  to  decide  is,  how  much  of  the  evening  fall  is  to  be 
accounted  for  by  those  circumstances  (irrespective  of  food)  that  determine 
the  diurnal  variation,  and  how  much,  if  any,  is  due  to  the  withdrawal  of 
the  influence  of  food  on  the  body.  It  must  be  evident  that  the  fall 
which  occurred  while  the  influence  of  the  food  was  at  its  highest  must  be 
wholly  attributed  to  other  circumstances.  ^ We  need  hardly  dwell  on  this 
point ; for  if  the  fall  is  due  to  the  diminished  or  exhausted  influence  of 
the  food,  such  a decline  could  not  occur  when  the  meal  was  exerting  its 
greatest  effects  ; therefore  that  part  only  of  the  fall  which  took  place 
when  the  effects  of  the  meal  had  begun  to  diminish  or  had  ceased  can  be 
attributed  to  the  withdrawal  of  the  influence  of  food.  But  in  all  cases 
the  principal  part  of  the  evening  fall  occurred  while  the  influence  of  the 
tea  must  have  been  at  its  height,  and  in  many  instances  the  whole  of  this 
fall  had  taken  place  at  this  time — the  chief  part  of  this  evening  fall 
having  on  all  occasions  occurred  before  11  p.m.,  and  was,  indeed,  very 
often  by  this  time  at  the  lowest  point.  Thus  in  those  cases  only  where 
the  fall  continued  after  11  p.m.,  a very  small  portion,  if  any,  of  this  fall 
could  be  due  to  the  declining  influence  of  food. 

In  this  Table  we  give,  in  the  first  column  the  date,  in  the  second  the 
amount  of  fall  after  10  or  11  p.m.,  and  in  the  third  the  hour  of  the  night 
when  observations  were  discontinued. 

On  the  following  days  the  boy  took  no  bath  : — 

Date.  Amount  of  fall.  Observation  discontin\ied 

Dec.  13  ....  No  fall  after  10  p.m at  12  p.m. 

,,  14  ....  ,,  11  ,,....  ,, 

„ 15  . . . . „ 10.30  „ . . . . 

„ 16  ...  . A fall  of  0°'4  after  10  ,,....  - „ 

,,  29  . . . .No  fall  after  10  12.15 

Jan.  2 . . . . „ 10.30  „ ....  through  the  night. 

„ 6 . . . . Afallof  0°-8afterll  ,,  ....  ,, 
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Date. 
Jan.  12 


13  . 

14  . 

On  the  follawin 

Dec.  18  . 

„ 20  . 

„ 21  . 
Jan,  1 . 

6 . 

8 . 

Q . 

10  . 

11  . 


99 


99 


99 


99 


Amount  of  fall. 

A fall  of  0°’4  after  10  p.m  . 


Observation  discontinued 
through  the  night. 


99 


0°-2 

0°-8 


j j 

n 


)) 


g days  a bath  was  given  to  the  boy  in  the  morning, 
A fall  of  0°’6  after  10  p.m,  . . at  12  p.m. 

„ 0°-2  „ 

No  fall  after  10 


11 


A fall  of  0°'2  after  10 


99  99 
99 


99 


99 

99 

99 

99 


99 


99  99  99 

9?  99  99 


99 

0°'4  ,,  „ ,, 

0°*2  .,11 


99 


99 


99 


. . through  the  night. 


99 

99 

99 

99 

99 


Nummary  of  this  Table. 

Observations  recorded  on  ten  days  when  no  bath  M'as  taken : — 

In  5 of  these  no  fall  after  10. 

1 a fall  of  0°-2 


99 


99 


99 


99 


99 


0°'4 

0°-8 


99 


99 


99 


99 


99 


Observations  recorded  on  9 days  when  baths  were  taken  in  the 
morning : — 

In  2 there  was  no  fall  after  10  to  11  p.m. 

,,  4 a fall  of  0°-2  occurred  „ „ „ 

1 0°'4 

J)  55  ^ 55  55  55 

55  55  55  55  55 

1 1°'0 

55  55  55  55  55 

These  two  Tables  may,  we  think,  be  fairly  thrown  together,  for  we  can- 
not understand  how  baths  given  in  the  morning  should  interfere  with  the 
evening  temperature.  Thus  we  have  19  series  of  observations  ; and  in  7 
of  these  no  fall  occurred  after  the  chief  influence  of  the  meal  had  ceased. 

In  5 cases  a fall  of  0°*2  occurred  ; but  we  think  a variation  so  slight 
may  be  disregarded,  as  it  might,  and  probably  was  often,  caused  by 
some  accidental  circumstance,  as  the  movement  of  the  bodv  in  bed  or 
some  similar  cause — an  assumption  strengthened  by  the  fact  that  this 
slight  decline  was  often  noted  only  once,  and  at  the  time  of  the  next  ob- 
servation the  temperature  bad  recovered  itself. 

These  observations,  therefore,  may  be  thrown  together,  giving  the 
result  that  in  12  of  the  19  observations  the  food  appears  to  have  had  no 
influence  on  the  evening  fall.  Of  the  remaining  7 observations,  after 
the  supposed  influence  of  the  food  had  passed  away, — 

In  3 there  was  a fall  of  0°*4 

99  ^ 9 9 99  ^ V U 

„ 2 „ „ 0°'8 

„ 1 ,5  5 5 P'O 
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It  appears,  then,  that  the  fact  of  the  fall  being  in  the  majority  of 
cases  independent  of  the  food,  is  presumptive  evidence  that  the  fall 
which  occurred  on  some  occasions  alter  11  must  be  due  to  other  causes 
than  the  withdrawal  of  the  influence  of  food. 

The  Injiaence  of  Dinner  on  the  Temperature. 

Observations  made  on  the  temperature  before  and  after  dinner 
furnish  ^ further  illustration  of  the  non-influence  of  food  on  the  tem- 
perature of  the  body.  If  food  can  raise  the  temperature,  we  should 
certainly  expect  this  to  occur  after  dinner,  especially  in  Mountain’s  case, 
if  we  bear  in  mind  that  his  breakfast  was  so  small,  that  its  eflfects  on  the 
body  must  have  ceased  altogether  before  12,  his  dinner  hour ; and  hence 
the  influence  which  food  can  be  supposed  to  exert  on  the  temperature 
would  in  his  case  be  manifest  after  dinner. 

The  appended  Tables  give  the  results  of  the  observations  made  on 
Mountain  and  Itundell.  e have  not  restricted  ourselves  to  those  days 
when  the  temperature  was  continuous!}'  taken  through  both  night  and 
day,  this  limitation  being  evidently  unnecessary,  but  we  have  used  all 
the  observations  made  on  these  lads.  In  every  case  their  breakfast  was 
taken  at  6 a.m.,  and  their  dinner  at  12,  or  shortly  after  this. 


Name  and 
Date. 

Time 

before 

dinner. 

Rise  or  Fall. 

Hourly. 

Dinner 

Time 

after 

dinner. 

Rise  or 
Fall. 

Quantity  of 
food  taken 
at  dinner. 

Mountain. 

O 

o 

o 

Dec.  14 

9 to  12 

Rise  0 6 

0-2 

12 

12  to  3 
3 ,,  5 

Rise  0'2 
Fall  0-4 

Full  dinner. 

„ 15 

10  „ 12 

„ 0-6 

0-3 

12 

12  „ 3 
3 „ 5 

Rise  02 
Fall  0-2 

9) 

» 16 

9„  12 

„ 0 

0 

12 

12  „ 3 
3 „ 5 

Fall  0-2 
Rise  0*4 

M 

» 29 

9„  12 

0-4 

0-13 

12 

12  „ 3 
3 „ 6 

Rise  0’4 
Fall  0-8 

n 

„ 30 

9„  3 

» 0-4 

0-06 

3 

3 „ 5 

00 

Dinner  moderate. 

Jan.  2 

9„  12 

0 

0 

12 

12  „ 3 
3 4 

Rise  0'6 
Fall  0-4 

M 6 

9„  12 

Fall  0-6 

0-2 

12 

12  „ 1 
1 „ 5 

Rise  0'4 
Fall  0-4 

Full  dinner. 

12 

9„  12 

„ 0-2 

006 

12 

12  „ 3 
3 „ 5 

Rise  0'2 
00 

» 13 

9..  12 

At  first  a rise  of  0°'2 
& then  a fall  of  0°’4 

006 

12 

12  „ 3 
3 „ 5 

0-0 

00 

Slight  dinner. 

„ 14 

10  „ 12 

0 

0-0 

... 

12  „ 3 
3 „ 5 

Fall  0'2 
Rise  0’6 

Full  dinner. 

Rundell. 

Jan.  6 

10  „ 1 

0 

00 

1 

1 „ 4 
4 „ 6 

Rise  0-2 
Fall  0-2 

^ 9 

* The  detailed  observations  will  be  found  in  the  Charts  which  give  the  diurnal 
variation  of  the  temperature  and  the  influence  of  bath  (Royal  Society’s  Archives). 
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This  Table  sliows  the  results  of  eleven  observatious  ; and  we  gather 
that  the  rise  between  9 a.m.  and  12  (noon)  was  always  very  small;  and  on 
some  days  none  took  place,  as  the  hourly  rise  during  these  3 hours  on 


4 occasions  was  nil 

1 occasion  it  was  0°*2 

1 „ „ 0°-3 

1 „ ,,  0°-13 

2 occasions  it  was 0°‘06 


In  two  instances  there  was  an  hourly  fall,  once  of  0°-2  and  once 
of  0^*6. 

AVe  now  add  a Table  indicating  the  alterations  in  the  temperature 


during  three  hours  after  dinner. 

O 

On  4 days  the  temperature  rose 0-2 

„ 2 it  fell  0*2 

„ 2 „ it  rose 0'4 

„ 1 day  it  rose  0-6 


On  tw'o  days  there  was  no  alteration. 

So  slight  a rise  of  0°*2  is  so  easily  produced  by  accidental  causes,  that, 
as  we  have  before  said,  it  may  be  almost  disregarded.  On  this  supposi- 
tion, then,  it  appears  that  on  six  of  the  ten  days  the  rise  was  nil  or 
practically  unappreciable,  and  on  other  days  the  rise  u^as  very  small. 

It  may  be  fairly  said  that  we  shall  elicit  surer  information  as  to  the 
influence  of  the  dinner,  if  we  observe  how  the  temperature  comported 
itself  between  three  and  five  o’clock,  when  the  food  inflnence  on  the  body 
may  be  supposed  to  be  at  the  maximum.  The  following  Table  exhibits 
the  temperature  during  these  hours,  in  the  case  of  Mountain  : — 

On  2 days  the  temperature  remained  unaltered. 


„ 2 „ it  fell 0'2 

» 3 ,,  ,,  0'4 

V 1 day  „ 0-S 


The  temperature  rose  on  two  days  only,  and  on  each  instance  0°-4. 

Here  we  close  our  investigations  on  the  influence  of  food  on  the  lads 
Mountain  and  Rundell.  We  cannot  absolutely  say  that  food  does  not 
in  any  case  raise  the  body  temperature ; yet  it  is  clear  that  its  influence 
in  this  respect,  if  any,  on  persons  in  health  and  well  nourished  is  very 
slight  indeed. 

We  may  further  add  that  these  observations  are  opposed  to  the  state- 
ment made  by  Dr.  John  Davy,  to  the  effect  that  a fall  in  the  temperature 
occurs  immediately  after  food. 

We  give  a few  further  tabular  observatious  on  the  after-dinner  tem- 
perature made  on  Redfern,  Gibbs,  Thompson,  Farmelow,  and  Games. 
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Naiue. 

Dale. 

l)innev 

hour. 

Rise  in  temperature  ' 

after  dinner.  J 

1 

Reclferii 

Dec.  15 

12 

O 

0-0 

„ 21 

? > 

0-4 

Gibbs  

„ 7 

M 

Constant  fall. 

) 9 

0-0 

Thompson 

M 8 

f 9 

0-0 

Farmelow 

9 9 

06 

„ 10 

0-0 

M 11 

0-4 

„ 19 

9 9 

0-2 

Games  

M 5 

00 

00 

» 7 

99 

0-6 

Average  rise  0°-18 

Thus  in  seven  of  these  twelve  observations  no  appreciable  rise  took 
place. 

In  five  the  temperature  rose,  the  average  rise  being  0°*4.  Breakfast 
was  taken  at  6 a.m.,  and  no  further  food  allowed  afterwards  until  12.  It 
may  be  objected,  in  respect  of  these  observations,  that  the  influence  of  the 
breakfast  had  not  passed  away  by  dinner  time,  and  that  the  temperature 
elevated  by  this  meal  was  maintained  by  the  dinner.  As  the  influence 
of  the  breakfast  may  not  have  passed  ofl  by  dinner  time  these  observa- 
tions are  not  so  trustworthy  in  the  settlement  of  this  question  of  the 
influence  of  food  on  the  temperature  as  those  made  on  Mountain.  We 
give  them,  however,  for  what  they  are  worth,  believing  they  serve  in  some 
degree  to  corroborate  our  previous-  conclusions. 

It  is,  however,  right  to  refer  to  some  observations  in  which  a very 
considerable  rise  occurred  after  a late  breafast. 

These  w^ere  made  on  three  persons  in  ill-health.  One  man,  35  years 
of  age,  suffered  from  hemiplegia ; another,  32  years,  with  hemiplegia 
and  dilated  heart;  and  the  third,  21  years  old,  was  the  victim  of  some 
obscure  disease.  His  spleen  was  very  much  enlarged,  and  he  occasionally 
passed  large  quantities  of  blood  with  his  urine.  These  patients  abstained 
from  food  from  tea  (5  p.m.)  one  day  till  breakfast  on  the  following 
day,  taken  either  at  10  a.m.  or  a little  later. 

These  observations,  for  the  sake  of  clearness,  are  thrown  into  a Table. 
The  first  column  shows  the  time  before  breakfast  the  temperature  was 
taken ; the  second  gives  the  temperature  of  the  body  at  the  time  of 
commencing  each  observation ; the  third  shows  the  amount  of  the  rise 
before  breakfast ; the  fourth  gives  the  rise  after  breakfast ; and  the  fifth 
column  shows  the  duration  of  the  rise. 
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Time 

before 

breakfast. 

Tempera- 

ture. 

Eise 

before 

food. 

Kise 

after 

food. 

Duration 
of  the 
Eise. 

h m 

o 

o 

o 

h m 

1 15 

90-6 

0 

1-2 

45 

Eemained  fixed. 

50 

97-4 

0-4 

1-0 

40 

Eemained  the  same. 

1 5 

98 

0 

0-6 

1 15 

ff  9f 

45 

97 

0 

1-4 

50 

Then  fell  0°-4. 

3 15 

97-0 

0 

0-4 

4 15 

1 5 

97-6 

0 

10 

1 25 

45 

97-6 

0 

0-2 

45 

1 10 

96-6 

0 

0-8 

1 5 

3 15 

... 

0-4 

0-8 

2 15 

Average 

. . . 

009 

0-82 

1 28 

45 

98 

0-2 

0-8 

18 

Mary  Lyon. 

It  thus  appears  that  after  breakfast  the  temperature  of  these  men 
rose  considerably,  the  average  being  0°*8,  sufficient,  it  may  be  said,  to  show 
that  the  food  is  capable  of  causing  an  elevation  in  the  temperature  of  the 
body,  especially  as  in  many  of  the  days  no  rise  took  place  before 
breakfast,  the  temperature  having  been  taken  at  this  time  for  several 
hours. 

We  are  constrained  to  admit  that  perhaps  this  rise  in  the  axilla  was  due 
to  the  food ; although  opposed  to  this  admission,  we  might  urge  the  fact 
that  on  three  days,  when  the  temperature  of  Jones  and  Tarves  was  taken 
during  the  morning  hours,  while  they  were  kept  fasting,  an  average  rise 
of  0°’7  occurred,  being  almost  identical  with  that  wffiich  took  place  on 
other  days  when  they  partook  of  food. 

Assuming  that  this  rise  in  the  axilla  was  really  due  to  food.  How  was 
the  rise  caused  ? Was  it  due  to  a general  elevation  of  the  body  tempera- 
ture, owing  to  increased  consumption  of  the  food  ? or  was  it  due  to  other 
causes  ? It  could  hardly  be  due  to  increased  oxidation  of  food,  for  we 
should  expect  the  elevation  to  be  most  marked  at  the  time  during  which 
the  food  was  most  rapidly  absorbed  and  carried  to  the  tissues.  But  in 
these  men  the  rise  in  the  temperature  occurred  much  sooner  than  this, 
being  completed  on  an  average  in  an  hour  and  twenty-eight  minutes, 
and  in  several  cases  in  fifty  minutes,  in  some  even  in  thirty,  although 
there  was  a considerable  rise  on  these  days  \ yet  at  the  time  the  influence 
of  food  would  be  expected  to  be  most  marked  the  temperature  either 
remained  unchanged  or  in  some  instances  it  even  fell. 

Further,  it  may  be  remarked  that  were  the  rise  after  breakfast  due  to 
combustion  of  the  food,  we  should  expect  that  a similar  rise  would  occur 
after  the  dinner,  which  was  a heartier  meal  than  the  breakfast ; but  the 
rise  after  dinner  was  much  less  than  that  after  breakfast. 
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Tarves. 


Nov,  13. 

Dinner  at  1. 

No 

rise. 

Observations  continued  till  5 

P.M 

„ 15. 

>> 

4.20. 

Rise  0°’6 

8 

99 

JON'ES. 

0 

Nov.  9. 

4.10. 

M 

0-6 

n 

8 

99 

„ 10. 

1 > 

1.15. 

M 

0-4 

M 

5 

99 

„ 11. 

1.10. 

JJ 

0-8 

9 f 

5 

99 

M 14. 

M 

12.15. 

>> 

0-4 

Jf 

6 

99 

13. 

M 

1.30, 

>1 

0-4 

99 

5 

99 

Perrin. 

M 

4.10. 

No  rise. 

9 

8 

99 

Mary  Lyon, 

1.30. 

Rise  0 2 

99 

5 

99 

Average  rise 

0-37 

It  may,  however,  be  fairly  objected  to  this  argument,  that  the  influence 
of  the  breakfast  on  the  body  bad  not  ceased  before  that  of  the  dinner 
begun,  and  that  the  dinner  prevented  the  possible  fall  after  the  break- 
fast if  dinner  had  not  been  taken. 

Thus,  to  summarize  very  generally  the  conclusions  we  have  arrived 
at : — There  is  a diurnal  cycle  in  the  temperature  of  the  body,  much  more 
evident  in  young  than  in  middle-aged  or  old  people ; in  elderly  people, 
indeed,  the  daily  variation  is  often  very  slight,  and  sometimes  altogether 
absent ; further,  this  diurnal  variation  is  due  to  other  causes  than  food, 
which  if  operative  in  any  degree  in  producing  elevation  of  the  tempera- 
ture, is  so,  if  at  all,  to  a very  small  extent. 


Part  III. 

On  the  Injiuence  of  Cold  Baths  on  the  Temjperature  of  the  Body. 

We  undertook  these  experiments  from  a wish  to  learn  the  influence 
of  the  cold  bath  on  the  temperature  of  the  surface  and  internal  parts  of 
the  body,  and  to  ascertain  if  it  were  possible,  in  any  degree,  to  cool  the 
whole  body ; and  if  so,  to  what  extent  the  temperature  could  be  lowered, 
and  how  long  this  depression  would  continue. 

Our  observations  were  made  in  the  winter  months.  The  temperature 
of  the  person  fixed  upon  for  experiment  was  first  carefully  ascertained 
either  in  the  axilla,  the  rectum,  or  under  the  tongue.  He  was  then  im- 
mersed in  a bath  of  a temperature  of  60°  Pahr.  for  a time  varying  from 
1 to  35  minutes  in  the  several  series  of  experiments.  The  body  was 
covered  by  the  water  up  to  the  chin.  Immediately  on  the  return  to  bed 
the  temperature  was  again  ascertained,  and  every  few  minutes  afterwards. 
In  some  instances  we  took  the  temperature  under  the  tongue  during  the 
immersion ; but  these  notes  we  fear  are  not  quite  correct,  although  we 
spared  no  pains,  for  the  patient’s  teeth  chattered  so  much  as  to  prevent 
the  steady  closure  of  the  lips. 


184 

204  Prof.  S.  Eiiiger  and  Mr.  A.  P.  Stuart  on  the 


AVe  shall  now  give  a tabular  extract  of  the  effects  of  the  cold  bath, 
first  on  the  heat  of  the  surface,  and  afterwards  on  that  of  the  internal 
parts. 


Name. 

Time  of 
bath. 

Temp,  fell  in 
axilla  to 

Mainly  reco- 
Tered  in 

Entirely  re- 
covered in 

Temp,  fell 
in  mouth 
or  rectum. 

Recovered 

in 

mins. 

o 

mins. 

mins. 

Eedfern,  set.  5 

1 

95-5 

25 

50 

1 

95 

13 

48 

5 

93-4 

67 

77 

5 

93 

48? 

80 

5 

92 

58 

123 

5 

92 

75 

120 

5 

92 

70 

75 

15 

90 

88 

98 

30 

87 

105 

125 

35 

89 

135 

135 

Gibbs,  set.  11.. 

1 

96 

45 

1 

97 

48 

0 

mins. 

Thompson,  set.  11... 

1 

97 

33 

60 

0 

0 

5 

95 

20 

100 

0-6 

100 

Mountain  

10 

94-6 

50 

50 

1-8 

Legg,  set.  2.3  

10 

96 

22 

Mountain,  set.  ]0  ... 

16 

• • • 

1-2 

69 

30 

2-8 

43 

1 

■ » • 

0-8 

70  i 

5 

• • • 

0 

1 

15 

IT 

Walker,  set.  48  

15 

92 

280 

IT 

280 

Purse,  set.  55 

5 

93-6 

« . • 

2-2 

2 hours  17 

Hilton,  set.  68  

5 

95-3 

37 

:mins.&more 

This  Table  exemplifies,  as  was  to  be  expected,  that  the  cold  baths 
considerably  cooled  the  surface  of  the  body,  and  that  the  longer  the 
immersion  the  greater  was  the  depression  of  the  temperature  of  the  skin. 
Thus  this  Table  shows  that  on  some  occasions  the  temperature  of  the 
axilla  fell  to  87°Pahr. ; but  a depression  so  great  occurred  only  when  the 
bath  was  continued  for  a considerable  time,  for  a period,  indeed,  varying 
from  15  to  35  minutes ; and  even  this  amount  of  depression  was  of  short 
duration.  To  illustrate  this  effect  we  give  three  extracts  from  the  pre- 
ceding Table.  A bath  of  60°  Pahr.  for  one  minute  reduced  the  tempe- 
rature of  a child  five  years  old  to  95°  Pahr.,  but  in  13  to  25  minutes  the 
temperature  of  the  axilla  had  nearly  recovered  itself.  AVTth  a bath  of 
the  same  temperature  continued  five  minutes  we  reduced  the  temperature 
to  92°  ; but  in  48  to  75  minutes  after  leaving  the  bath  the  axillary  tem- 
perature had  nearly  recovered.  Nay,  even  after  a bath  of  35  minutes 
the  temperature  only  fell  to  89°,  and  recovered  itself  in  135  minutes. 
The  greater  part  of  the  lost  heat  was  very  quickly  restored,  and  then  the 
axilla  more  slowly  regained  the  rest  of  the  lost  temperature. 

Influence  of  Cold  Baths  on  the  Temperature  of  internal  parts  of  the  Body. 

Cold  baths  reduce  the  temperature  of  internal  parts  of  the  body,  but 
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the  rediictiou  is  considerably  less  than  that  of  the  surface.  Thus  we 
lowered  the  temperature  under  the  tongue  or  in  the  rectum  from  0°*6 
to  2°*8  Fahr.,  the  amount  of  depression  being,  of  course,  proportional  to 
the  duration  of  the  bath. 

The  duration  of  the  depression  varied  greatly  in  different  persons. 
Thus  on  some  occasions  the  lost  heat  was  restored  in  an  hour ; in  others 
not  for  several  hours,  three,  four,  or  more  ; but  very  soon  after  leaving 
the  bath  the  greater  part  of  the  lost  heat  was  restored,  the  remaining 
slight  depression  passing  off  much  more  slowly.  Our  observations 
elicited  the  rather  curious  fact  that  the  time  the  body  takes  to  recover 
its  temperature  holds  no  relation  to  the  amount  of  depression  ; thus  in 
some  instances,  when  with  great  depression,  the  recovery  was  speedy, 
while  on  other  occasions,  with  but  slightly  depressed  temperature,  the 
recovery  was  slowly  effected. 

We  noticed,  too,  that  many  times  the  internal  parts  did  not  be- 
come cooled  under  the  actual  operation  of  the  bath,  but  the  tempera- 
ture of  the  internal  parts  fell  gradually  for  some  time  after  the  bath. 
The  explanation  we  would  offer  of  this  curious  fact  is,  that  during  the 
bath  much  heat  is  withdrawn!  from  the  surface,  and  the  cold  contracting 
the  blood-vessels  lessens  greatly  the  quantity  of  blood  passing  through 
the  skin.  Heat  is  thus  not  abstracted  from  deep  parts  by  cooling  of  the 
blood,  but  simply  by  conduction.  On  quitting  the  bath,  the  blood-vessels 
of  the  skin  become  widely  dilated,  and  the  blood  then  passing  quickly 
through  the  cold  skin  becomes  cooled,  and  reduces  the  temperature  of 
deep  parts. 

Influence  of  the  Cold  Bath  on  the  Temperature  of  the  Body  after  the 

discontinuance  of  the  Bath. 

We  first  give  the  hour  when  the  evening  fall  begun  on  the  bath  days  : — 

Fedfern  12  to  4 p.m. 

Gibbs  3 P.M. 

Thompson  4 to  6 p.m. 

Mountain  6 p.m. 

On  comparing  this  Table  with  the  one  given  in  the  section  treating  of 
the  temperature  in  health,  it  will  be  found  that  the  time  when  the  tem- 
perature begun  to  fall  is  much  the  same  whether  a bath  be  given  or  not. 

For  the  sake  of  comparison  we  put  side  by  side  the  hour  the  evening 
fall  begun  on  bath  and  non-bath  days. 


Name.  No  bath.  Bath. 

Redfern 2 to  3 2 to  4 


Thompson  and  Mountain  4 to  7 4 to  6*. 

* It  hitherto  escaped  our  notice  that  the  younger  the  person  the  sooner  in  the  day 
does  the  evening  fall  begin.  Thus  in  Redfern  it  began  between  2 and  3,  in  Thompson 
and  Mountain  between  4 and  7,  and  in  Purse  and  Hilton  between  9 and  11. 
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Amount  of  evening  fall  on  bath  days  : — 

Name.  Amount  of  fall.  Obs.  continued  till 


Redfern  . . 

o 

2-2 

12 

Thompson 

and  Mountain . . 2T 

12 

AVe  extract  from  a previous  section  the  amount  of  the  evening 
non-bath  days  : — 

Redfern.  . 

2-06 

12 

Mountain 

. . 2-2 

whole  night 

1*8 

12 

These  Tables  show  that  the  bath  exerts  no  influence  on  the  evening  fall. 

Table  of  the  hour  when  the  minimum  temperature  of  the  day  is  reached  • 
on  bath  and  non-bath  days,  showing  that,  in  this  respect,  cold  baths  have 
little  or  no  influence  : — 

Bath  days. 

Redfern between  5 and  8. 

' Mountain  and  Thompson.  . between  10  and  12. 

Non-bath  days. 

Redfern 6.30  to  8. 

Mountain  and  Thompson . . 9 to  12. 

Part  IV. 

Influence  of  Hot-water  and  Vapour  Baths  on  the  Temperature  of  the  Body. 

We  next  turn  our  attention  to  the  influence  of  hot- water  and  vapour 
baths  on  the  temperature  of  the  body ; and  we  shall  first  attempt  to 
ascertain  the  influence  of  hot  baths  on  the  temperature  of  the  body,  both 
at  the  time  of  immersion  and  during  the  rest  of  the  day.  AVe  have,  as 
usual,  extracted  and  tabulated  the  chief  data  from  the  charts  appended 
to  the  end  of  this  section.  The  temperature  was  obtained  by  placing 
the  thermometer  under  the  tongue  while  the  person  was  in  the  bath. 
The  method  of  taking  the  temperature  is  always  noted  in  the  charts. 


Name. 

Date. 

Temp,  of 
bath. 

Time 

in 

bath. 

Rise  of 
temp,  of 
the  body. 

Evening 
fall  of 
temp, 
begun. 

Amount 
of  even- 
ing fall. 

Ob.serva- 
tions  con- 
tinued to 

Min. 

temp. 

veachedl 

o 

mins. 

oF. 

P.M. 

o 

P.M. 

P.M. 

Mountain,  aet.  10  . . . 

Dec.  21 

106 

20 

3-4 

12 

1-8 

12 

10 

Jan.  1 

105  to  108 

24 

4-6 

... 

20 

All  night. 

11 

„ 3 

97  to  101 

134 

1-8 

5 & 8 

2-6 

11 

„ 4 

99  to  103 

40 

2-6 

8 

2-2 

11 

„ 5 

99  to  101 

45 

1-8 

6 

2-2 

12 

Thompson 

Dec.  6 

100  to  103 

20 

10 

5 

20 

P.M. 

12 

11 

Rundell  

,,  20 

105 

25 

1-6 

6 

1-4 

12 

9 

„ 21 

106  & 107 

15 

2-8 

7 

1-4 

12 

10 

Ryman,  set.  25  

„ 19 

105 

20 

3-4 

9 

2-2 

12 

11 

20 

105 

20 

4-6 

1-6 

12 

„ 21 

Hot 

20 

1-8 

1-2 

12 

22 

105 

20 

2-8 

1-8 

12 

Tarves,  set.  32  

107  to  109 

40 

4-6 

TjufiP,  aet.  16  

Jan.  22 

106 

87 

3-6 
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From  this  Table  we  learn  that  in  all  cases  the  temperature  of  the  body 
rose  in  .the  hot  bath,  this  elevation,  as  might  be  expected,  varying  with 
the  temperature  and  duration  of  the  bath;  It  varied  from  1°  Fahr.  to 
4°'6  Fahr. ; or,  to  put  it  in  another  and  more  striking  way,  we  raised  the 
body  temperature  to  103°  and  104°  Fahr.,  a severe  fever  height.  Is  it  pos- 
sible to  bring  the  temperature  of  the  body  to  that  of  the  bath  ? As  it  is  im- 
possible to  remain  in  a very  hot  bath  sufficiently  long  to  enable  us  to  deter- 
mine this  question,  we  must  examine  those  experiments  in  which  the 
temperature  of  the  bath  was  not  very  high.  We  were  compelled  in  a 
short  time  to  discontinue  the  experiment  with  a very  hot  bath  on  account 
of  the  great  weakness  induced  by  it.  Yet  as  the  temperature  continued 
to  rise  so  long  as  the  patient  remained  in  the  hot  water,  it  is  probable 
that,  if  adequate  time  could  have  been  allowed,  the  temperature  of  the 
body  would  have  become  identical  with  that  of  the  bath. 

The  charts  show  that  a bath  of  moderate  temperature,  as  101°  to 
102°,  will  raise  the  body  temperature  to  that  of  the  bath.  Whilst 
making  several  of  these  series  of  observations  the  bath  temperature  was 
recorded  simultaneously  with  the  temperature  of  the  body,  and  the 
figures  are  given  in  the  charts,  as  with  Mountain  on  Jan.  3rd,  4th,  and 
6th,  and  with  Mooney  and  Luff  on  Jan.  22nd.  Thus  it  is  clear  that  the 
temperature  of  the  body  may  be  raised  to  that  of  a bath  at  101°-8. 

Influence  of  Hot-water  Bath  on  the  Temperature  of  the  Body  during  the 

rest  of  the  day  after  the  Bath. 

The  evening  fall  begun  in  Mountain,  Thompson,  and  Eundell  between 
5 p.M.  and  8 p.m. 

The  average  diurnal  variation  of  all  the  observations 

in  the  above-named  lads,  all  about  the  same  age,  was . . 1°'9  Fahr. 

Of  Mountain  alone 2°*1  „ 

The  minimum  temperature  of  the  day  of  these  three  lads  w^as  reached 
between  9 and  11  p.m.,  the  average  time  being  10. 

If  these  results  are  compared  with  those  obtained  from  the  observa- 
tions made  on  the  same  lads  on  the  bathless  days,  it  will  be  seen  that 
the  two  sets  of  figures  entirely  agree ; that,  in  fact,  hot-water  baths, 
except  at  the  time  of  immersion,  exert  no  influence  on  the  body 
temperature. 

On  the  Influence  of  Hot-vapour  Baths  on  the  Temperature  of  the  Body. 

The  temperature  of  the  body  is  always  raised  by  the  hot-vapour  bath, 
the  amount  of  elevation,  as  might  be  expected,  being  proportionate  to  the 
heat  and  duration  of  the  bath,  as  showm  in  the  following  Table : — 


roL.  XXVI. 


p 
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Breathed  the  steam  of  the  bath. 


Name. 

Temp,  of  body  Raised  during 
before  bath.  bath  to 

o o 

Amount  of 
elevation. 

O 

In 

mins. 

Temp,  of 
bath. 

O 

Mooney . . 

98 

101-4 

3 

25 

103 

9? 

100-2 

. . 

. • 

101? 

99 

98-8 

96-6 

0-8 

33 

100 

99 

98-4 

100 

1-6 

64 

97°  and  98° 

Church  . . 

98-8 

100-4 

1-6 

28 

90°  to  94° 

Breathed  air  of  outer  room. 

Luff  ....  . . 101  . . . . 103°  to  105° 


In  some  of  the  observations  we  have  stated  only  the  time  occupied 
in  effecting  the  rise,  as  on  these  days  the  bath,  before  it  was  entered, 
was  first  heated  to  the  temperature  at  which  it  was  maintained ; while 
on  the  other  days  the  bath  was  entered  immediately  the  steam  was 
turned  on,  being  thus  occupied  while  the  temperature  of  the  room  was 
rising. 

These  experiments  enable  us  to  learn  the  rapidity  with  which  the  body 
may  lose  heat ; for  as  the  body  of  the  person  experimented  upon  was 
heated  considerably  higher  than  could  be  maintained  by  physiological 
processes,  so  this  unnatural  elevation  is  speedily  lost  by  evaporation, 
radiation,  and  conduction.  As  the  loss  of  heat  sustained  varied  with 
the  temperature  to  which  the  body  was  raised,  we  shall  speak  first  of  the 
cooling  of  the  body  from  a high  temperature,  and  next  from  a tempera- 
ture a little  above  that  of  health.  It  was  found  that  heat  was  much 
more  quickly  lost  under  the  first  than  under  the  latter  conditions. 

We  now  give  a Table  to  show  the  rapid  loss  of  heat  when  the  tempe- 
rature of  the  body  has  been  raised  considerably,  for  instance  to  102°  and 
104°  Fahr. : — 


Name.  Date.  Fall.  in 

eF. 

Mountain Dec.  21  2*2  10  minutes. 

Eundell  Dec.  21  1*8  10  „ 

Ryman Dec.  18  3-0  13  „ 

„ Dec.  22  2-2  8 

Mooney  Jan.  18  1*4  10 


A degree  of  heat  was  thus  lost  in  4*7  minutes.  As  an  interval  of  five 
minutes  sometimes  elapsed  between  the  testings,  we  can  hardly  speak 
with  the  exactness  indicated  by  the  figures.  It  is  better  to  say  the  body 
may  lose  a degree  of  heat  in  less  than  five  minutes. 

The  following  Table  shows  that  the  loss  of  body  heat  is  much  less 
rapid  when  the  body  is  less  heated,  one  degree  being  lost  in  40  minutes : — 
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After  hot- water  bath. 


Name. 

Date. 

Fall  from 

of 

in 

Jan.  18 

100 

o 

0*6 

37  minutes 

Mountain  . . 

Dec.  21 

100 

0-6 

13  „ 

Jan.  1 

100 

0*6 

20  „ 

Bundell  .... 

Dec.  21 

100 

0*8 

to 

o 

Thompson  . . 

Dec.  6 

100 

0*6 

25  „ 

Byman  .... 

Dec.  21 

100*2 

1*0 

57  „ 

After  hot- vapour  bath. 


Mooney  

99*4 

0*6 

33  minutes 

jj  

100 

0*6 

36  „ 

j?  

100*4 

1*2 

42  „ 

Luff 

100 

0*6 

15  „ 

Church  

0*6 

20  „ 

Can  the  figures  last  given  be  accepted  as  about  the  usual  rate  at  which 
heat  is  lost  by  the  body  in  health  ? 

We  shall  now  try  to  ascertain  the  source  of  this  increase  of  body  heat 
under  a warm-water  or  hot-vapour  bath. 

Our  experiments  with  vapour-baths  afford  the  more  complete  solution  ; 
and  the  following  remarks  will  be  limited  to  them,  though  it  is  evident 
that  they  will  also  hold  good  in  the  case  of  hot- water  baths. 

This  increase  in  the  heat  of  the  body  may  be  due  to 

1.  Accumulation  of  heat  in  the  body. 

2.  Absorption  of  heat  from  the  bath. 

3.  Both  of  these  circumstances. 

Some  of  the  increased  heat  was  undoubtedly  due  to  an  accumulation 
of  heat  in  the  body. 

It  is  evident  that  a person  in  a hot-vapour  bath  of  the  temperature  of 
the  body,  and  when  breathing  the  steam,  could  lose  no  heat  by  evapo- 
ration or  radiation  or  conduction,  the  only  means  of  withdrawing  heat 
from  the  body.  If  the  production  of  heat  is  not  diminished  pari  passu 
with  its  loss  from  the  body,  then  heat  will  accumulate,  and  the  tempera- 
ture of  the  body  vnll  be  raised. 

Two  observations  show  this  to  be  the  case.  Thus  with  Mooney  on 
Jan.  29th  and  Church  on  Jan.  22nd  the  temperature  of  each  respectively 
was  raised  to  100°  and  100°*4,  while  the  bath  was  never  more  than  the 
temperature  of  their  bodies.  We  show  this  in  a Table  : — 

Name.  mile  in  Temp,  of  bate, 

before  bath.  bath.  ^ 

Mooney  . . 98*4  35  mins  100  =1*6  97  and  98 

Church  98-8  24  ,,  ] 00*2  = 1*4  highest  94 
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Here  it  was  impossible  that  the  heat  which  raised  the  temperature  of 
the  body  could  be  obtained  from  the  bath,  itself  never  hotter  than 
the  bodies  of  the  boys  before  undergoing  the  experiment.  If  the  for- 
mation of  heat  was  lessened  so  as  exactly  to  meet  the  diminished  loss  by 
conduction  and  radiation,  the  heat  of  the  body  would  have  continued  at 
the  same  point : but  this  was  not  the  case,  and  thus  it  appears  that  the 
formation  of  heat  cannot  be  suddenly  lessened  to  such  an  amount. 

Thus  the  increased  heat  of  the  body  ensuing  from  a vapour-bath  is 
certainly  in  part  due  to  accumulation  of  heat,  which  under  other  cir- 
cumstances is  lost  by  evaporation  and  radiation.  Is  all  the  heat  imparted 
to  the  body  by  the  vapour-bath  to  be  accounted  for  in  this  way  ? Some 
part  must,  in  the  nature  of  things,  be  absorbed  from  the  bath,  and  is 
evidenced  in  our  experiments,  the  elevation  being  too  rapid  to  be  caused 
solely  by  an  accumulation  of  heat  in  the  body. 


[From  the  Journal  of  Anatomy  and  Physiology,  Vol.  XI.] 


ON  THE  EFFECTS  OF  SULPHATE  OF  ATHOPIA  ON 
THE  NERVOUS  SYSTEM  OF  FROGS.  By  Sydney 
Ringer,  M.  D.,  Professor  of  Therapeutics  cut  University 
College,  and  William  Murrell,  L.R.C.P.,  Sharpey  Phy- 
siological Scholar, 

In  the  course  of  an  experimental  investigation  made  with  the 
view  of  elucidating  the  true  nature  of  tetanus,  we  had  occasion 
to  repeat  many  of  Dr  T.  R.  E^rasers  well-known  experiments 
on  the  influence  of  atropia  on  the  nervous  system  of  frogs.  We 
are  induced  to  publish  our  observations ; for  though  in  the  main 
they  are  confirmatory  of  those  of  previous  observers,  they  differ 
from  them  in  some  respects. 

In  the  first  place  we  will  speak  of  the  tetanizing  action  of 
atropia.  Dr  Fraser  has.  shown  (I)  that  in  frogs  tetanic  symp- 
toms follow  the  subcutaneous  injection  of  a dose  of  sulphate 
of  atropia  equivalent  to  about  1000th  of  the  weight  of  the 
animal ; (2)  that  this  tetanus  sometimes  sets  in  on  the  second 
day,  but  more  frequently  on  the  third,  fourth,  or  fifth;  (3)  that 
it  varies  in  its  duration  from  a few  hours  to  seventeen  days;  (4) 
that  it  is  due  to  the  action  of  the  drug  on  the  cord  {medulla 
oblongata  and  medulla  spinalis). 

The  observations  were  made  during  the  months  of  May, 
June  and  July.  The  frogs  used  for  our  experiments  were  with 
a few  exceptions  the  ordinary  Rana  ternporaria.  We  employed, 
except  when  the  contrary  is  stated,  a 1 in  20  solution  of  sul- 
phate of  atropia  in  water,  the  requisite  dose  being  injected 
either  under  the  skin  of  the  back  or  into  the  axilla.  The  first 
twelve  cases  were  observed  thrice  daily,  between  seven  and 
eight  in  the  morning,  one  and  two  in  the  afternoon,  and 
five  and  six  in  the  evening.  In  the  subsequent  experiments, 
observations  were  made  much  more  frequently,  with  the 
view  of  determining  how  rapidly  paralysis  occurred,  how 
soon  it  reached  its  height,  and  how  quickly  it  declined. 
In  some  cases  the  animal  was  under  almost  continuous 
observation  for  many  hours,  in  others  the  notes  were  taken 
every  eight  or  ten  minutes  for  the  first  hour,  and  hourly 
or  every  three  hours  subsequently.  We  may  take  this  op- 
portunity of  explaining  that  whenever  we  employ  the  term 
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‘^pithed  and  pegged”  we  mean  division  of  the  cord  by  cutting,  and 
destruction  of  the  brain  by  the  introduction  of  a piece  of  wood 
into  the  cranial  cavity.  We,  like  Dr  Fraser,  often  obtained 
strong  tetanus  from  the  subcutaneous  injection  of  atropia,  but 
found  that  his  dose  (from  to  oi  the  weight  of  the 

frog)  usually  killed  our  animals  instead  of  producing  the  desired 
result.  With  a smaller  dose,  however,  namely,  from  to 
■2xnnr>  we  were  more  successful.  The  tetanus  in  our  experiments 
commenced  earlier  than  in  Dr  Fraser’s,  our  average  period  of 
onset  being  20  hours;  in  one  case  it  was  well  marked  in 
3 hours,  whilst  in  the  longest  delayed  it  was  28  hours.  With 
us,  too,  it  lasted  for  a shorter  time,  for  in  one  animal  it  con- 
tinued only  eight  hours,  and  never  in  any  instance  exceeded  five 
days.  We  imagine  that  these  differences  are  due  to  the  time 
of  the  year  at  which  the  observations  were  made.  In  the  fol- 
lowing table  we  give  a summary  of  these  experiments : — 

Table  I. 

Why  is  the  tetanus  so  long  delayed  after  atropia  poisoning  ? 
One  writer,  referring  to  Dr  Fraser’s  paper,  says  that  the 
paralysis  of  the  motor  nerves  prevents  the  tetanic  condition  of 
the  cord  from  displaying  itself  on  the  muscles,  but  Dr  Fraser 
himself  nowhere  makes  this  assertion,  and  indeed  his  cases 
prove  the  contrary. 

This  proffered  explanation  we  hold  to  be  erroneous  for  the 
following  reasons : — 

I.  Bezold  and  Bloebaum  have  shown  that  even  with  very 
large  doses  it  is  difficult  to  destroy  completely  the  conducting 
power  of  the  motor  nerves,  and  it  is  obvious  that  as  long  as  their 
conductivity  is  in  the  smallest  degree  retained,  the  tetanic  condi- 
tion of  the  cord  must  produce  more  or  less  tetanus  of  the  muscles. 

II.  The  onset  of  tetanus  is  delayed  even  in  cases  in  which 
the  dose  of  atropia  is  so  small  as  to  produce  but  slight  paralysis, 
and  it  must  be  admitted  that  if  the  motor  nerves  are  capable  of 
conveying  voluntary  and  normal  reflex  impressions  they  can 
conduct  tetanic  reflex  stimuli.  Thus  in  many  of  Fraser’s  cases 
there  was  never  complete  loss  of  reflex  and  voluntary  power 
during  the  period  which  elapsed  between  the  injection  of  the 
drug  and  the  onset  of  tetanus.  It  will  be  found  that  of  the 
cases  in  which  he  obtained  tetanus  there  were  twelve  in  which 
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the  paralysis  was  incomplete ; that  in  seven  of  the  thirteen  in 
which  it  had  been  complete,  a partial  recovery  of  reflex  and 
voluntary  power  had  taken  place  for  a day  or  more  before  the 
onset  of  the  tetanus.  In  eleven  of  our  own  twenty-six  cases 
there  was  incomplete  paralysis  of  reflex  action  and  voluntary 
power,  and  in  all  these  cases  the  onset  of  tetanus  was  delayed. 
In  two  cases,  indeed,  both  voluntary  and  reflex  power  had  been 
completely  regained  before  the  tetanus  set  in.  In  one  case  in 
which  there  had  been  complete  paralysis,  it  began  to  improve 
five  and  a half  hours  before  the  commencement  of  tetanus. 

III.  If  the  poison  be  prevented  from  having  access  to 
certain  limited  regions  by  ligature  of  the  nutrient  vessels,  the 
onset  of  tetanus  is  still  delayed  even  in  these  protected  parts. 
Fraser  gives  an  account  of  four  experiments,  in  which  he  adopted 
this  mode  of  procedure.  In  three  he  tied  the  femoral  vessels, 
and  in  one  the  abdominal  aorta,  before  poisoning  the  animal, 
and  yet  tetanus  did  not  occur  in  the  protected  limbs  till  twenty- 
two  hours,  fifty-one  hours,  three  days,  and  twenty-two  hours 
respectively. 

We  have  tested  the  action  of  atropia  on  ten  pithed  and 
pegged  frogs,  in  which,  before  poisoning,  the  abdominal  aorta 
had  been  tied.  The  following  was  our  mode  of  procedure : — 
We  first  divided  the  medulla  by  cutting  through  the  occipito- 
atlantal  membrane,  and  then  passed  a pointed  wooden  peg 
upwards  through  the  foramen  magnum  into  the  skull,  so  as  to 
destroy  the  brain.  We  then  placed  the  animal  on  its  back  on  the 
frog-board,  and  cut  through  the  abdominal  wall  on  one  side, 
usually  the  left,  taking  care  to  avoid  the  abdominal  vein. 
The  intestines  were  then  drawn  aside,  and  the  abdominal  aorta 
having  been  slightly  raised,  was  ligatured  just  above  its  bifurca- 
tion. The  walls  of  the  abdomen  were  brought  together  by 
sutures,  and  when  the  animal  had  recovered  from  the  shock  of 
the  operation  we  injected  our  sulphate  of  atropia  solution  under 
the  skin  of  the  back.  At  the  conclusion  of  our  experiment  we 
always  ascertained  by  a careful  post-mortem  examination  that 
the  vessels  had  been  securely  ligatured.  In  every  instance  in 
which  more  than  two  or  three  drops  of  blood  were  lost,  the 
operation  was  deemed  unsatisfactory,  and  the  animal  rejected. 

We  give  the  results  of  these  experiments  in  the  following 
table  ; — 


TABLE  II. — Observations  on  Pithed  and  Pegged  Frogs  with  ligature  of  the  abdominal  aorta. 
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It  will  be  seen  from  the  table  that  in  the  three  cases  in 
which  we  obtained  tetanus  it  was  delayed  for  25  hours,  9 hours, 
and  hours  respectively. 

In  seven  cases  we  tied  the  femoral  vessels  in  the  upper 
third  of  the  thigh.  Our  mode  of  procedure  was  as  follows : — 
We  pithed  and  pegged  the  animal  in  the  usual  way,  and  having 
placed  it  in  a prone  position,  carried  an  incision  through 
the  skin  on  the  outer  side  of  the  thigh,  when  the  vein  coming 
into  view  was  readily  secured.  By  gently  separating  the  muscles 
the  artery  was  then  seen  and  was  tied  as  near  the  abdomen 
as  possible,  care  being  taken  not  to  touch  or  otherwise  injure 
the  nerve.  Finally  the  skin  was  brought  together  by  a few 
sutures,  and  the  operation  was  complete.  In  these  cases  the 
fact  of  the  vessel  having  been  securely  ligatured  was  confirmed 
not  only  by  the  post-mortem  examination,  but  usually  by 
comparing  by  the  aid  of  the  microscope  the  condition  of  the 
circulation  in  the  webs  of  the  two  feet.  The  details  of  these 
experiments  are  given  in  Table  III. 

It  will  be  seen  from  the  foregoing  table  that  in  the  three 
cases  in  which  we  obtained  tetanus,  it  occurred  simultaneously 
in  the  two  legs.  In  two  cases  it  was  equal  in  degree  in  the 
two  legs,  and  in  the  third  case  it  was  stronger  in  the  poisoned 
than  in  the  unpoisoned  limb. 

We  conclude  then  for  these  reasons  that  the  late  occurrence 
of  tetanus  in  atropia  poisoning  is  not  due  to  paralysis  of  the 
motor  nerves,  but  that  it  is  owing  to  the  cord  being  slowly 
affected.  It  appears  that  whilst  the  poison  very  quickly 
paralyses,  it  takes  many  hours,  or  even  days,  before  it  te- 
tanizes. 

In  our  experiments  we  obtained  some  rather  unexpected 
results.  Thus  our  observations  lead  us  to  conclude  that 
atropia  paralyses  much  more  through  its  depressing  action  on 
the  spinal  cord  than  on  the  motor  nerves.  It  is  well  known 
that  considerable  difference  of  opinion  prevails  on  this  point, 
some  experimenters  attributing  the  paralysis  chiefly  to  the 
action  of  the  poison  on  the  motor  nerves,  and  others  to  its 
action  on  the  cord.  Fraser  in  his  article  “ On  the  connection 
between  Chemical  Constitution  and  Physiological  Action,” 
Part  II,  says,  atropia  “produces  paralysis  chiefly  by  affecting 
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the  motor  centres  and  sensory  nerves,”  and  our  observations 
confirm  this  conclusion  in  respect  of  the  motor  centres  (spinal 
cord). 

Thus  in  the  experiments  we  have  recorded  in  this  paper, 
after  tying  the  abdominal  aorta,  or  the  femoral  artery  and 
vein,  and  then  poisoning  the  animal,  we  found  that  paralysis 
set  in  as  early,  progressed  as  quickly,  and  became  as  complete 
in  the  ligatured  as  in  the  unligatured,  and  consequently 
poisoned  limb. 

It  occurred  to  us  that  perhaps  our  experiments  were  made 
at  a different  time  of  year  to  those  performed  by  other  ob- 
servers, and  that  this  might  account  for  the  difference  in  our 
results.  Our  first  observations  were  made  in  May,  June  and 
July,  but  with  the  view  of  solving  the  point  we  repeated  many 
of  them  during  the  month  of  November.  We  tied  the  femoral 
artery  and  vein  of  the  right  leg  of  two  frogs,  and  then  poisoned 
them  by  injecting  sulphate  of  atropia  under  the  skin  of  the 
left  axilla.  To  one  we  gave  a dose  too  small  to  produce 
complete  paralysis ; to  the  other  a much  larger  dose,  namely 
half  a grain,  which  caused  complete  paralysis  in  two  minutes. 
In  the  frog  to  which  the  small  dose  had  been  administered, 
both  posterior  limbs  were  almost  completely  paralysed,  but 
the  ligatured  limb  was  a little  the  stronger  after  the  poisoning. 
In  the  frog  with  the  large  dose,  both  hind  limbs  were  abso- 
lutely paralysed  in  two  minutes.  We  feel  bound,  therefore,  to 
conclude  that  sulphate  of  atropia  paralyses  in  great  part  by  its 
action  on  the  spinal  cord. 

Does  atropia  exert  its  action  directly  on  the  cord,  or  only 
indirectly  through  its  influence  on  the  heart  and  circulation  ? 
Is  it  a spinal  depressant,  or  are  the  phenomena  we  have 
witnessed  simply  due  to  its  action  as  a cardiac  poison  ? 

Atropia  powerfully  depresses  the  heart,  slowing  or  even 
completely  arresting  its  action.  Even  in  cases  in  which  the 
number  of  pulsations  is  reduced  by  only  a half  the  heart  does 
veiy  little  work,  for  on  examination  it  is  found  that  during 
diastole  it  becomes  but  slightly  distended  with  blood,  so  that 
the  circulation  must  be  in  reality  almost  at  a standstill.  That 
such  is  the  case  is  also  shown  by  a microscopic  examination  of 
the  web  of  the  foot,  when  the  blood  will  be  seen  to  be  cither 
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stationary,  or  to  be  moving  very  slowly  in  a few  only  of  the 
larger  vessels.  It  occurred  to  us,  this  effect  on  the  heart  and 
circulation  might  cause  the  paralysis  of  the  spinal  cord. 

Vulpian  found  that  ligature  of  the  aorta  just  above  the  heart 
suspended,  in  the  course  of  a few  hours,  the  excitability  of  the 
cord,  and  soon  after  impaired  the  conductivity  of  the  motor  nerves. 
The  paralysis  from  atropia  poisoning,  however,  comes  on  very 
much  more  quickly  than  this,  a circumstance  which  at  first 
sight  appeared  at  once  to  solve  the  question,  and  to  show  that 
atropia  exerts  a specific,  or  primary  action  on  the  cord.  It 
occurred  to  us,  however,  that  it  was  not  improbable  that  in 
summer  when  nutrient  changes  in  frogs  are  performed  much 
more  rapidly  than  in  winter,  the  functional  activity  of  the 
cord  might  be  sooner  affected  by  arrest  of  the  circulation. 
We  determined,  therefore,  to  repeat  Vulpian’s  experiment  in 
a modified  form.  We  tested  the  condition  of  reflex  action  and 
voluntary  movement  in  eight  frogs,  in  which  the  circulation 
had  been  arrested  by  mechanical  means.  In  two  of  these 
cases  the  heart  was  cut  or  torn  out  from  the  chest,  and  in  the 
remaining  six  the  aortsc  were  securely  ligatured  just  above 
their  origin  from  the  bulb.  The  latter  operation  was  per- 
formed as  follows : — The  animal  was  pithed  by  cutting  across 
the  medulla,  and  pushing  a spigot  of  wood  through  the  foramen 
magnum  into  the  cranial  cavity.  When  the  effects  of  the 
shock  had  completely  passed-  off,  we  pinned  the  (brainless) 
animal  down  on  its  back,  and  opened  the  thorax,  by  elevating 
the  lower  end  of  the  sternum  and  cutting  through  the  adjacent 
soft  tissues.  The  heart  was  then  seen  beating,  and  the  peri- 
cardium having  been  opened,  no  difficulty  was  experienced  in 
slipping  a ligature  under  the  aortae  close  to  the  bulb,  and 
tying  them  simultaneously.  Finally,  the  sternum  was  replaced, 
and  the  edges  of  the  incision  were  brought  together  with  a few 
sutures.  The  operation  was  usually  performed  in  a very  few 
minutes,  and  in  most  cases  not  a single  drop  of  blood  was  lost. 
The  experiment  of  arresting  the  circulation  by  removing  the 
heart  was  even  simpler.  The  brain  having  been  destroyed  as 
before,  the  thorax  was  opened  by  one  cut  of  the  scissors  and 
the  heart  was  seized  in  the  forceps,  and  at  once  removed.  We 
may  mention  that  the  success  of  the  operation  was  confirmed 
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by  a post-mortem  examination,  although  such  a step  may 
hardly  appear  to  have  been  necessary. 

As  the  result  of  these  experiments,  we  found  that,  on  an 
average,  the  impairment  of  reflex  action  commenced  in  13 
minutes,  and  that  the  paralysis  was  complete  in  37  minutes. 
It  will  be  seen  that  our  results  differ  considerably  from  those  of 
Vulpian,  a discrepancy  which  we  then  thought  might  possibly 
have  been  due  to  the  season,  and  the  condition  of  functional 
activity  of  the  frogs,  although  our  subsequent  experiments  have 
shown  that  such  is  not  the  case.  As  our  experiments  on  circu- 
lation were  made  at  the  same  time,  and  under  identically  the 
same  conditions  as  our  observations  on  atropia,  they  are  ob- 
viously the  best  fitted  for  purposes  of  comparison. 

By  reference  to  the  table  (Table  IT.)  giving  the  results  of 
poisoning  by  atropia  in  frogs  in  which  the  lower  limbs  had 
been  protected  by  ligature  of  the  abdominal  aorta,  it  will  be 
seen  that  in  four  of  these  cases  loss  of  reflex  action  was  com- 
plete on  an  average  in  38  minutes.  These  results  accord  in 
the  most  striking  manner  with  those  already  described  as  re- 
sulting from  the  mechanical  arrest  of  circulation,  and  they 
might  be  considered  to  afford  a strong  proof  that  the  cardiac 
action  of  atropia  is  sufficient  to  account  for  the  paralysis  of  the 
cord  produced  by  this  drug.  Such,  however,  is  not  the  case,  for 
on  examining  the  table  it  will  be  found  that  our  experiments 
are  in  some  respects  unsatisfactory.  The  dose  of  atropia  ad- 
ministered was  small,  so  small,  in  fact,  that  in  two  cases  the 
paralysis  was  never  complete.  It  was  therefore  obviously  neces- 
sary to  ascertain  whether  larger  doses  would  not  produce  com- 
plete paralysis  in  a shorter  time.  The  experiments  necessary 
for  the  elucidation  of  this  point  were  made  in  November,  and 
the  opportunity  was  taken  of  instituting  a series  of  comparative 
observations  with  the  view  of  determining  the  effects  of  me- 
chanical arrest  of  circulation  in  producing  complete  paralysis  in 
brainless  frogs.  These  results  are  given  in  the  accompanying 
table : — 
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Pithed  and  Pegged  Frogs  poisoned  with  Atropia. 


Date. 

Weight  of 
frog. 

Amount  in 
grains  of 
sulphate  of 
atropia. 

Proportionate 

dose. 

Paralysis 

complete. 

Kov.  29 

20  grammes 

1 

6 1 7 

2 minutes 

5) 

24  „ 

a 

5 

1 

Fit 

4 minutes 

5? 

30  „ 

3 

TXT 

1 

1543 

9 minutes 

>) 

20  „ 

1 

5 

1 

15  4 3 

3 minutes 

Average 

4*5  minutes 

Table  showing  the  effect  of  mechanical  arrest  of  circulation  in  pitlied 

and  pegged  frogs. 


24  mi  mites 
55  minutes 
24  minutes 


Average  34  minutes 


Kov,  29 


In  these  observations,  sulphate  of  atropia  caused,  on  an 
average,  complete  paralysis  in  4’5  minutes,  whilst  mechanical 
arrest  of  the  circulation  required,  on  an  average,  34  minutes. 
In  the  first  of  the  atropia  cases  recorded  in  this  table,  we  tied 
the  femoral  vessels  before  poisoning,  and  yet  the  paralysis  be- 
came complete  in  both  posterior  limbs  in  2 minutes. 

We  conclude,  then,  that  atropia  has  a direct  paralysing 
action  on  the  cord,  and  does  not  affect  it  through  its  depressing 
action  on  the  circulation. 

In  a paper  in  the  volume  of  the  Medico -Chiritrgical  Trans- 
actions for  1876,  we  have  endeavoured  to  show  that  tetanus  is 
not  due  to  stimulation  or  an  excited  condition  of  the  cord,  but 
to  a diminution  or  loss  of  resistive  force  in  the  reflex  portion  of 
the  cord.  This  resistive  force  localizes  the  impressions  conveyed 
through  the  nerves  to  the  central  nervous  system,  and  when  it 
is  destroyed  an  impression  can  diffuse  itself  throughout  the  cord 
and  produce  a general  evolution  of  force,  which  being  conveyed 
by  all  the  motor  nerves  to  every  muscle,  produces  tetanus. 

We  believe  that  the  action  of  atropia  confirms  this  view,  or 
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at  least  is  strongly  opposed  to  the  current  notion  that  tetanus  is 
due  to  an  excited  condition  of  the  cord.  Thus  atropia,  we 
believe,  depresses  the  cord  very  powerfully.  The  resulting 
paralysis,  which  after  moderate  doses  passes  off  in  the  course  of 
a few  hours,  is  followed  by  tetanus,  sometimes  in  twenty-four 
hours,  and  at  others  much  later.  Now  it  appears  to  us  almost 
inconceivable  that  a remedy  should  first  paralyse  the  cord  and 
then  many  hours  later  stimulate  it.  It  may  be  urged  that  this 
delay  in  the  appearance  of  the  tetanus  depends  on  the  primary 
depression  of  the  cord,  and  that  the  tetanus  cannot  occur  till 
the  paralysis  has  disappeared.  This  objection  is  obviously 
insufficient,  for  after  a small  dose  of  atropia  the  partial  paralysis 
ceases  in  a few  hours,  or  even  in  an  hour,  and  the  animal  then 
seems  quite  well,  but  nevertheless  the  tetanus  is  delayed  for 
twenty-four  or  more  hours.  Again,  if  this  explanation  is  true, 
then  the  tetanus  should  never  occur  till  the  paralysis  has  dis- 
appeared, but  this,  though  generally  true,  is  not  always  the  case, 
especially  in  frogs  pithed  and  pegged  before  poisoning ; for  in 
these  animals  it  often  happens  that  paralysis,  though  far  from 
complete,  continues,  and  after  some  hours  tetanus  supervenes, 
at  first  very  slight,  so  that  a strong  irritation  excites  tetanus, 
but  a weaker  irritation  a coordinated  reflex  act.  If  tetanus 
depends  on  a stimulated  condition  of  the  cord,  coordinated 
reflex  acts  should  improve  on  the  onset  and  with  the  increase 
in  the  amount  of  tetanus,  but  in  reality  the  very  reverse 
happens,  for  as  tetanus  grows  stronger,  coordinated  reflex 
action  simultaneously  grows  weaker  and  weaker. 

Again,  when  unmutilated  frogs  made  tetanic  with  atropia 
die,  the  tetanus  continues  to  the  last,  growing  weaker  and 
weaker.  This  is  still  better  seen  in  pithed  and  pegged  frogs, 
for  in  them  the  tetanus  also  continues  till  all  reflex  action 
ceases.  Now  if  tetanus  depends  on  a stimulated  condition  of 
the  spinal  cord,  it  is  obvious  that  as  the  cord  gradually  dies  and 
consequently  its  functions  become  depressed,  tetanus  should 
cease,  and  give  way  to  normal  coordinated  reflex  action,  but  this 
does  not  happen  ; for  on  the  contrary  the  tetanus  grows  weaker 
and  weaker, still  however,  persisting  until  all  reflex  action  becomes 
extinct.  We  have  thus  in  atropia  a drug  that  in  large  doses  pro- 
duces in  pithed  and  pegged  frogs  progressive  loss  of  power  in  the 
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cord,  then  after  24  or  more  hours  tetanus  sets  in,  which  gradually 
increases  in  severity,  coordinated  reflex  action  simultaneously 
declining.  We  have,  indeed,  according  to  prevailing  views  a 
drug  which  paralyses  the  cord,  and  then  after  many  hours  the 
paralysis  continuing  or  progressing  it  stimulates  the  cord. 

When  the  paralysis  is  only  slight,  or  when  the  animal 
completely  recovers  from  it,  then  tetanic  contractions  of  the 
muscles  far  exceed  the  amount  of  muscular  action  occurring  in 
a natural  coordinated  reflex  act;  that  is  to  say,  during  the 
tetanic  paroxysm,  there  occurs  a far  greater  discharge  of  nervous 
force  in  the  cord  than  occurs  in  a normal  coordinated  reflex  act, 
and  this  fact  might  be  thought  sufficient  to  justify  the  term 
stimulation  of  the  cord.  We  have,  however,  already  shown  else- 
where that  this  view  is  probably  incorrect. 

When  the  paralysis  is  considerable  and  continues  till  the 
tetanus  supervenes,  the  tetanic  contractions  are  slight  and 
the  discharge  of  nervous  force  in  the  cord  is  probably  less  than 
occurs  in  a natural  coordinated  reflex  act,  and  we  have  then 
paralysis  with  weak  tetanus.  The  explanation  of  this  combina- 
tion is  that  atropia  paralyses  the  reflex  function  as  well  as  the 
resistive  power  of  the  cord.  The  paralysis  of  the  reflex  function 
of  course  weakens  reflex  action,  whilst  the  paralysis  of  the 
resistive  power  allows  a stimulus  to  spread  throughout  the  reflex 
region  of  the  cord,  and  hence  every  muscle  becomes  contracted 
and  tetanus  is  produced ; but  as  the  reflex  function  is  depressed 
the  tetanus  is  weak. 

In  atropia  we  have  a drug  which  quickly  paralyses  the  reflex 
function  of  the  cord,  but  requires  a much  longer  time  to 
diminish  the  resistive  power  of  the  cord ; hence  paralysis  precedes 
and  may  even  disappear  some  hours  before  the  onset  of  tetanus. 


TABLE  I. — Effects  on  Frogs  of  Svicutaneous  Injection  of  Atropia. 
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[From  the  Journal  of  Anatomy  and  Physiology,  Vol.  XI.] 


FURTHER  OBSERVATIONS  AND  EXPERIMENTS  RE- 
GARDING THE  TRUE  NATURE  OF  TETANUS. 
By  Sydney  Ringer,  M.D.,  Professor  of  Therapeutics 
at  University  College,  and  William  Murrell,  L.R.C.P., 
Aledical  Registrar  at  Westminster  Hospital. 


In  a paper  published  in  the  Medico-Chirurgical  Transactions 
for  1876,  we  controverted  the  view  commonly  accepted  that 
tetanus  is  always  due  to  increased  excitability  of  the  spinal 
cord,  and  we  detailed  numerous  experiments  to  prove  that  in 
tetanus  the  resistance  of  the  cord  is  diminished  or  destro}md, 
so  that  an  impression  conveyed  by  an  afferent  nerve  can  spread 
throughout  the  reflex  jDortion  of  the  central  nervous  system  and 
produce  tetanus.  Many  persons  having  expressed  strong  doubt 
as  to  the  existence  of  this  “resistance,”  we  propose  now  to 
give  the  reasons  for  our  belief  in  this  property,  and  to  shew 
that  it  is  not  fixed,  nor  unmodifiable,  but  that  probably  disease, 
certainly  some  drugs,  will  weaken  or  destroy  it,  the  other 
functions  of  the  cord  meanwhile  remaining  unimpaired  or  but 
slightly  depressed. 

We  first  draw  attention  to  the  fact  that  this  resistance  is 
recognised  in  recent  works  on  Physiology.  Thus  Hermann  says, 
resistance  of  the  cord  is  lessened  in  tetanus,  and  Ferrier,  that 
in  strychnia  tetanus  “the  resistance  to  radiation  is  diminished.” 
This  view,  however,  is  more  definitely  and  more  cogently 
propounded  by  Dr  Michael  Foster,  than  by  any  other  physiolo- 
gist with  whom  we  are  acquainted.  In  his  recent  Text  Book  of 
Physiology  he  explains  in  the  most  luminous  way  the  part 
which  “ resistance  ” plays  in  nervous  phenomena \ 


1 Wliilst  this  paper  is  in  the  press,  our  attention  has  been  called  to  Bern- 
stein’s Nerven  und  Muskel-Systevie,  1871.  In  Section  iv.  he  arrives  at  very 
similar  conclusions  to  those  we  have  expressed  in  the  paper  already  referred  to. 
He  says,  “ Physiological  facts  point  to  the  conclusion  that  there  is  a connection 
of  the  sensory  centres  with  one  another,”  “ for  a phenomenon  which  forcibly 
points  to  such  a connection,  is  that  of  irradiation.  It  is  known  that  if  a sensa- 
tion is  increased  so  as  to  become  pain,  it  will  not  confine  itself  to  the  spot  which 
has  been  irritated  ; the  whole  hand,  nay,  the  whole  arm,  may  ache,  if  the  cause 
of  the  pain  is  only  in  a finger.  It  even  happens  that  in  such  a case  we  feel  the 
same  sensation  of  pain  in  the  corresponding  finger  of  the  other  hand,  though  in 
a less  degree.  This  phenomenon  can  only  be  explained  by  peculiar  arrange- 
ments and  processes  in  the  perceiving  central  organs.”  “But  it  will  be  asked, 
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We  were  unaware  till  after  writing  our  paper  that  this 
property  of  the  cord  was  recognised ; when,  on  referring  to 
Hermann’s  Physiology,  we  found  it  mentioned  there,  and  we 
adopted  his  expression  “resistance”  instead  of  the  term  “in- 
creased diffusibility  ” we  had  devised  for  ourselves. 

Most  writers  consider  tetanus  to  be  due  simply  to  increased 
excitability  of  the  cord  ; indeed,  in  most  works  on  Therapeutics 
it  is  taken  for  granted  that  tetanus  is  evidence  of  increased 
excitability  of  the  cord. 

Those  writers  who  attribute  tetanus  simply  to  increased 
excitability  of  the  cord  imply  the  existence  of  resistance, 
though  they  do  not  appear  to  recognise  the  necessity  for  such 
a property.  According  to  their  view,  in  traumatic  tetanus,  and 
in  strychnia  tetanus,  the  reflex  function  of  the  spinal  cord  is 
greatly  heightened,  so  that  a slight  irritation  sets  free  in  the 
cord  an  excessive  discharge  of  nervous  force,  so  strong  indeed 
that  overstepping  the  part  of  the  cord  functionally  connected 
with  the  irritated  nerve,  it  may  spread,  and  excite  a discharge 
of  force  throughout  the  cord.  In  other  words,  they  believe 
that  in  health  a discharge  of  force  is  restricted  within  certain 
areas  of  the  cord  producing  co-ordinated  action,  but  in  an 
excited  tetanic  cord,  the  resistance  limiting  the  discharge  to 
certain  areas  is  overcome,  and  the  stimulation  radiates  through- 
out the  reflex  portion  of  the  nervous  system.  This  view,  there- 
fore, whilst  implying  a resistance  or  limiting  force,  in  the  central 
nervous  system,  possible  however  to  be  overcome,  implies  that 
this  resistance  is  a constant  force  incapable  of  being  heightened 
or  depressed  by  disease  or  medicines. 

Our  observations  in  the  paper  previously  referred  to,  show 
that  in  the  tetanus  induced  by  Buxus  Sempervirens,  and  by 
Gelseminum,  the  diminution  or  destruction  of  the  resistance 

wliy  do  only  strong  impressions  cause  irradiation,  and  wliy  not  also  weak  ones? 
and  then,  wh}'’  does  not  irradiation  extend  over  the  whole  sensory  centre  ; 
whereas  it  occupies  only  part  of  it?  We  are  hereby  led  to  an  assumption  which 
we  shall  render  probable  also  by  other  reasons  ; namely,  that  the  excitation  has 
to  overcome  resistance  in  the  ganglionic  cells,  and,  on  account  of  it,  undergoes 
a loss  in  its  intensity.”  Not  only  may  impressions  radiate  in  sensory  centres, 
but  “ it  also  happens  that  the  joain  may  cause  reflex  cramps.  Then  the  stimulus 
is  so  great  that  in  spreading  out  through  the  neighbouring  sensory  centres  it  is 
not  yet  reduced  to  its  liminal  value,  and  it  then  enters  motor  centres,  first  of 
all  such  as  are  situated  on  the  same  level  with  the  irritated  sensory  centres  and 
the  spinal  cord.”  Speaking  of  strychnia  tetanus,  he  says,  “ It  is  simply  due  to 
a depression  of  this  resistance  in  the  nervous  centres.” 
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is  the  sole  cause  of  the  tetanus.  To  make  ourselves  clear  we 
draw  attention  to  the  fact  that  both  box  and  gelseminum  are 
powerful  depressors  of  the  reflex  function  of  the  spinal  cord, 
and  that  in  full  doses  they  soon  produce  complete  paralysis  of 
the  cord. 

In  a frog  poisoned  by  either  drug  we  get  first  great  weak- 
ness ; the  animal  hops  with  difficulty,  or  perhaps  can  barely 
crawl,  effects  due  to  the  action  of  the  poison  on  the  spinal  cord, 
then  tetanus  supervenes.  But  the  tetanic  paroxysms,  though 
very  distinct,  are  in  many  instances  slight.  At  one  period  we 
can  get  either  a normal  co-ordinated  action  or  tetanus,  according 
to  the  degree  of  stimulation,  a weak  stimulus  producing  a co- 
ordinated reflex  act,  a stronger  stimulus,  tetanus.  At  this 
time,  as  the  tetanus  grows  stronger,  the  normal  co-ordinated 
reflex  action  is  growing  weaker ; and  after  a short  time,  tetanus 
also  grows  weaker,  and  ultimately  slowly  declines,  till  at  last 
it  is  expressed  only  by  slight  quivering  in  all  the  muscles  of 
the  body.  Now  here  we  maintain  that  at  the  onset  of  the 
tetanus  there  is  no  increased  excitability  of  the  cord,  but  the 
very  reverse  state — paralysis  : for  the  tetanus  is  preceded  by 
paralysis  of  the  cord.  As  the  tetanus  becomes  more  marked, 
normal  co-ordinated  action  grows  less,  shewing  that  paralysis 
of  the  cord  is  progressing  ; and  at  last  tetanus  itself  becomes 
excessively  feeble,  shewing  that  the  cord  is  almost  exhausted 
and  paralysed.  If  then  we  have  no  increased  excitability,  how 
does  it  happen  that  an  indpression,  say  to  the  tip  of  one  toe, 
after  reaching  the  cord  is  not  restricted  to  its  proper  portion 
of  the  cord,  but  diffuses  itself  throughout  it,  causing  a general, 
but  weak,  evolution  of  nervous  force,  and  consequently  a weak, 
but  general,  contraction  of  the  muscles,  that  is  to  say,  tetanus  ? 
This  can  be  only  explained  on  the  supposition  that  some  change 
has  taken  place  in  the  cord,  whereby  a stimulus  is  no  longer 
confined  to  a part  of  the  cord,  but  can  diffuse  itself ; that  some 
restraining  or  localizing  influence  is  reduced  or  destroyed, 
and  to  this  is  given  the  name  “resistance.” 

Further,  we  found  that  in  brainless  frogs  after  two  or  more 
days,  when  reflex  action  had  begun  to  decline,  on  striking  the 
animal  between  the  shoulders  we  induced  tetanus,  and  as 
co-ordinated  reflex  action  grew  weaker,  the  tetanus  meanwhile 
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became  stronger,  and  was  more  easily  induced ; and  in  some 
cases,  a few  hours  before  the  cessation  of  reflex  action  we  ex- 
cited strong  tetanus  lasting  halt  a minute  to  a minute,  the 
animal  becoming  rigid  from  the  powerful  muscular  contractions. 
Now  we  submit  that  in  these  cases  the  tetanus  could  not  be 
due  to  increased  excitability,  unless  it  is  maintained  that  the 
operation  excited  inflammation  of  the  meninges  of  the  cord,  a 
supposition  highly  improbable,  for  various  reasons.  We  main- 
tain that  the  tetanus  is  due  to  diminution  of  the  resistance  in 
the  dying  cord,  enabling  a powerful  stimulus,  as  a blow  on  the 
trunk,  to  spread  throughout  the  cord,  and  produce  tetanus.  For 
further  details  we  must  refer  the  reader  to  the  paper  we  have 
mentioned. 

We  now  record  some  additional  observations  we  have  lately 
made.  These  we  think  conclusively  prove  that  tetanus  is  not 
always  due  to  increased  excitability  of  the  cord.  These  obser- 
vations, too,  constrain  us  to  admit  a resistive  power  susceptible 
of  modification,  the  other  functions  of  the  cord  remaining  but 
little  or  not  at  all  affected.  We  pithed^  and  destroyed  the 
brain  of  three  frogs,  and  then  watched  for  the  decline  of  reflex 
action.  On  the  third  day  this  was  much  weaker ; in  one  frog 
so  w^eak  that,  on  pinching  a toe,  it  only  feebly  withdrew  its 
legs.  We  then  injected  under  the  skin  of  the  back  y5oo  gredn 
of  strychnia,  which  in  about  half  an  hour  induced  tetanus.  This 
was  very  weak  in  the  frog  whose  reflex  action  was  nearly 
annulled,  and  the  tetanus  in  this  instance,  though  distinct,  was 
feebler  than  the  amount  of  muscular  force  developed  in  a 
normal  vigorous  reflex  act ; in  other  words,  the  reflex  act, 
though  tetanic,  was  weak. 

In  the  other  two  frogs,  with  reflex  power  much  less  weak 
before  the  injection,  we  induced  strong  tetanic  convulsions  on 
the  slightest  irritation,  or  even  shaking  the  table,  the  parox}^sms 
lasting  a minute  or  longer.  Next  day,  however,  tlie  tetanus 
was  much  weaker,  and  about  equal  to  the  tetanus  induced  by 
strychnia  in  the  frog  with  very  weak  reflex  power.  The  teta- 
nus grew  weaker  and  weaker,  but  persisted  till  all  reflex  action 
became  extinct;  and  for  some  time  before  this,  the  muscular 

^ Perhaps  it  is  liardly  necessary  to  say  that  by  the  term  pithed  we  mean 
division  of  the  cord  o])posite  the  ocdi)ito-aUnntal  membrane. 
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force  displayed  after  stimulation  was  far  less  marked  than  that 
occurring  in  a normal  co-ordinated  reflex  act.  We  again  had 
weak  tetanus  excited  in  a weak  and  dying  cord.  'Jliese  experi- 
ments we  several  times  repeated. 

Now  we  venture  to  maintain  that  it  is  impossible  to  explain 
this  tetanus  otherwise  than  on  the  supposition  of  a resistive 
force,  which  the  strychnia  weakened  or  destroyed.  It  certainly 
cannot  be  explained  on  the  supposition  that  strychnia  simply 
produces  increased  excitability  of  the  cord.  We  are  not  now 
denying  that  str37-chnia  may  “excite”  or  “stimulate”  the  cord, 
but  admitting  this,  the  tetanus  we  have  just  described  cannot 
be  due  merely  to  this  increased  excitability ; for  were  this  so, 
the  strychnia  should  have  first  improved,  then  completely 
restored  normal  co-ordinated  reflex  action,  and  then,  on  the 
cord  becoming  still  more  “ stimulated,”  tetanus  ousfht  to  have 
supervened. 

It  may  be  objected  that  with  brainless  frogs  in  a few  hours 
or  in  two  or  three  days  the  afferent  and  efferent  nerves  be- 
come depressed  as  well  as  the  spinal  cord;  and  hence,  though 
strychnia  may  restore  the  lost  functional  activity  to  the  cord, 
yet  as  the  impression  conveyed  thereto  is  weakened,  and  the 
conductivity  of  the  motor  nerves  is  also  depressed,  the  tetanus 
itself  ought  to  be  very  Aveak.  We  therefore  devised  the  fol- 
lowing experiment: — We  pithed  and  pegged  a frog,  and  after 
tying  the  femoral  vessels  of  the  right  leg  close  to  the  trunk, 
we  injected  into  the  abdominal  cavity  a mixture  containing 
one  grain  of  extract  of  Calabar  bean,  and  grain  of  strychnia. 
The  Calabar  bean  we  used  to  depress  the  cord,  and  as  Ave 
Avished  to  induce  depression  of  the  cord  without  effecting  any 
alteration  in  the  afferent  or  efferent  nerves,  Ave  tied  the  vessels 
of  the  right  leg,  thus  protecting  the  tissues  below  the  ligature 
from  the  effect  of  the  drug.  In  twelve  minutes  slight  tetanus 
set  in,  the  legs  on  strong  mechanical  irritation  being  power- 
fully shot  out  once,  and  once  only,  after  each  stimulation.  Co- 
ordinated and  tetanic  reflex  action  persisted  simultaneously  ; 
that  is,  a weak  stimulus  excited  co-ordinated  action,  a 
stronger,  the  tetanic  extension  of  the  legs  just  described.  The 
co-ordinated  reflex  action  grew  AA^eaker  and  weaker,  the  tetanus 
at  first  remaining  undiniinished,  then  it  also  declined.  In  this 
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experiment  the  action  of  the  Calabar  bean  at  once  reduced  the 
cord  to  the  same  condition  as  in  a frog  which  has  been  pithed 
two  or  three  days,  but  of  course  without  depressing  either  the 
afferent  or  efferent  nerves  of  the  ligatured  leg. 

Our  argument  is  otherwise  strikingly  supported.  In  brain- 
less frogs  (frogs  pithed  and  pegged)  reflex  action  often  declines 
much  more  quickly  in  one  hind  leg  than  in  the  other.  To  a 
moderate  sized  frog  with  very  unequal  power  in  the  hind  legs, 
one  leg  being  rather  vigorously  withdrawn  on  irritating  its 
toes,  whilst  the  other  was  only  partly  withdravm,  we  injected 
under  the  skin  of  the  back  grain  of  sulphate  of  strychnia. 
In  half  an  hour  slight  tetanus  set  in,  first  in  the  weaker  leg, 
being  for  some  time  decidedly  stronger  in  this  leg.  Now  if 
strychnia  tetanus  is  simply  due  to  “ stimulation,”  in  other  words 
to  increased  excitability  of  the  cord,  then  the  tetanus  should 
certainly  have  first  shown  itself  in  the  stronger  leg,  as  it 
would  naturally  require  less  stimulation  to  induce  tetanus  in 
this  than  in  the  weaker  limb.  We  noticed  also  that  at  a time 
when  the  tetanus  was  so  slight  that  we  doubted  if  it  were 
present,  by  exercising  the  limbs  and  thus  weakening  co-ordi- 
nated action  we  induced  decided  tetanus,  which  rest  again 
weakened,  at  the  same  time  strengthening  co-ordinated  action, 
and  strong  tetanus  could  be  again  induced  by  a second  time 
weakening  the  cord  by  exercising  the  limb.  Now  were  strychnia 
tetanus  due  simply  to  “stimulation”  (increased  excitability), 
it  is  obvious  that  the  very  reverse  should  have  happened. 

A similar  fact  is  often  witnessed  in  disease,  when  paralysed 
limbs  sooner  become  tetanized  by  stiychnia  than  other  parts 
of  the  body,  as  in  the  case  of  hemiplegia  from  brain  disease. 
Here  half  the  cord  is  not  exercised  at  all  or  but  slightly,  and 
consequently  its  nutrition  becomes  defective,  and  it  wastes. 
Strychnia  will  induce  tetanus  more  readily  in  this  depressed 
half  of  the  cord  than  in  the  opposite  healthy  half. 

But  it  may  be  said  we  admit  a resistive  force  which  may 
be  overcome,  and  as  the  cord  dies — as  the  reflex  function  di- 
minishes— this  resistance  will  decline ; so  that  with 

a slight  improvement  of  the  reflex  function,  the  evolution  of 
nervous  force  in  one  part  of  the  cord  will  overpower  the  weak- 
ened resistance,  and  spread  throughout  the  cord.  This  position 
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concedes  at  once  that  the  resistance  is  alterable  in  amount,  thus 
admitting  a part  of  our  contention.  But  the  explanation  in 
question  is  altogether  inadequate  to  explain  the  very  different 
effects  of  paralysers  of  the  cord.  Thus  to  compare  three  drugs 
— Physostigma,  Gelseminum,  and  Box : Physostigma  paralyses 
the  cord  without  producing  tetanus ; Gelseminum  paralyses  the 
cord,  and  produces  weak  tetanus ; Box  paralyses  the  cord,  and 
excites  strong  tetanus.  How  are  we  to  interpret  these  different 
effects  ? Why  do  Box  and  Gelseminum  tetanize,  and  not 
Physostigma  ? Why  should  Box  tetanize  far  more  than  Gelse- 
minum ? Before  attempting  to  explain  this  apparent  anomaly, 
we  must  interpose  two  preliminary  considerations : — • 

1.  That  tetanus  is  producible  only  in  two  ways,  either  by 
increasing  the  excitability  of  the  reflex  function,  so  that  the 
evolution  of  force  may  be  sufficient  to  overcome  the  normal 
“ resistance,”  and  spread  throughout  the  cord ; or  the  “ resist- 
ance” itself  being  diminished,  an  impression  conducted  to  a 
cord  with  its  reflex  function  in  a normal  or  even  in  a depressed 
state,  can  overcome  the  weakened  resistance,  and  affect  the 
whole  reflex  portion  of  the  cord. 

2.  It  is  quite  inconceivable  that  a drug  should  simul- 
taneously both  depress  and  stimulate  (increase  excitability  of) 
the  same  function. 

Now,  Gelseminum  and  Box,  whilst  they  both  tetanize  the 
cord,  depress  at  the  same  time  the  reflex  function,  and  con- 
sequently cannot  possibly  produce  tetanus  by  “stimulating” 
the  cord.  Their  tetanizing  action  therefore  can  be  explained 
solely  by  their  power  to  diminish  “ resistance.”  The  difference 
in  the  amount  of  tetanus,  produced  respectively  by  Gelseminum 
and  Box,  we  explain  by  inferring,  that  Gelseminum  which 
induces  considerable  cord  paralysis  with  weak  tetanus,  ex- 
erts a greater  effect  on  the  “resistance”  than  on  the  reflex 
function,  and  the  difference  being  but  slight,  we  get  weak 
tetanus.  Box  produces  cord  depression  with  much  stronger 
tetanus,  showing  that  the  drug  exerts  an  effect  far  greater  on 
the  resistance  than  on  the  reflex  function  j and  the  resistance 
being  greatly  weakened  before  the  reflex  function  is  much 
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depressed,  tetanus  excited  by  Box  is  far  stronger  tlian  that 
from  Gelseminnm. 

Granting  therefore  that  whatever  depresses  the  cord  will 
diminish  resistance,  we  must  admit,  that  some  remedies  mani- 
fest a greater  power  over  resistance  than  over  the  reflex  func- 
tion ; and  when  the  depression  of  resistance  is  greater  than  the 
depression  of  reflex  action,  we  get  tetanus.  The  relative  effect 
on  the  reflex  and  the  resistive  functions  well  explain  the  various 
degrees  of  paralysis  associated  with  tetanus,  and  the  strength  or 
weakness  of  the  tetanus  itself. 

We  would  suggest  that  conceivably  we  may  have  four  com- 
binations in  tetanus. 

1.  Tetanus  with  increased  excitability  and  normal  resistance 
of  the  cord. 

2.  Tetanus  with  increased  excitability,  and  diminished  or 
destro^^'ed  resistance  of  the  cord. 

3.  Tetanus  from  mere  diminution  of  resistance. 

4.  Tetanus  with  depression  of  the  reflex  function  and 
diminished  resistance. 

We  have  adduced  in  this  paper  sufficient  evidence  of  the 
fourth  form  of  tetanus,  and  have  elsewhere  expressed  a doubt 
if  the  first  and  second  kinds  of  tetanus  ever  occur. 

Surely,  it  will  be  said,  the  strong  tetanus  of  strychnia  must 
be  due  to  increased  excitability  of  the  cord,  as  well  as 
diminution  of  resistance ; for  in  a parox3^sm,  induced  by  even 
a slight  irritation,  the  amount  of  muscular  force,  and  ergo  of 
the  nervous  force  developed  in  the  cord,  is  far  greater  than 
occurs  in  a normal  co-ordinated  reflex  act,  and  this  excessive 
evolution  of  force  proves  the  increased  excitability  of  the  cord. 
But  we  think  that  strychnia  tetanus  is  best  explained  by  simj^ly 
temporary  diminution  or  abolition  of  resistance.  For  we  have 
shown  in  the  pamphlet  already  referred  to,  that  loss  of  resis- 
tance, even  with  depression  of  the  reflex  function,  will  produce 
strong  tetanus.  This  is  the  case  with  Box.  This  drug,  as  we 
have  seen,  produces  first  partial  cord  paralysis ; then  strong 
tetanus  ensues,  wliilst  the  co-ordinated  reflex  contractions,  which 
can  be  induced  by  weak  stimulation,  are  at  the  same  time 
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growing  progressively  weaker;  that  is  to  say,  we  get  strong 
tetanus  with  progressive  cord  paralysis. 

In  order  to  explain  these  strong  paroxysms  when  the  evo- 
lution of  nerve  force  is  far  greater  than  that  occurring  in  a 
normal  co-ordinated  act,  it  is  obvious  we  must  assume  that 
the  resistance  not  only  restricts  impressions  to  certain  areas 
of  the  cord,  but  that  it  also  limits  the  amount  of  force  evolved  ; 
in  fact,  by  paralysing  “ resistance  ” we  not  only  allow  a stimulus 
to  spread  throughout  the  reflex  portion  of  the  cord,  but  also 
to  set  free  an ' increased  amount  of  nervous  force  from  every 
portion  of  the  cord  and  motor  parts  of  the  brain.  In  other 
words,  the  function  or  condition  to  which  the  name  “resistance” 
is  given  not  only  localises  but  restrains  reflex  action  in  the 
spinal  cord.  If  then,  in  the  case  of  Box,  we  get  strong  tetanus 
with  slight  depression  of  the  cord,  we  think  it  possible  that 
the  still  stronger  tetanus  of  strychnia  may  be  due  simply  to 
depression  of  this  resistive  function  without  any  increased 
excitabilit}^  Hence,  as  in  the  case  of  Box,  but  in  even  greater 
degree,  a slight  stimulation  not  only  spreads  throughout  the 
cord,  but  sets  free  an  excessive  amount  of  nervous  force. 

It  will  probably  be  objected  that  if  diminution  of  resistance 
permits  also  the  evolution  of  an  excessive  amount  of  force — 
that  resistance  in  fact  not  only  localises  but  restrains  or  controls 
the  amount  of  reflex  action — then,  as  resistance  becomes  weak- 
ened, the  co-ordinated  reflex  acts  should  become  stronger ; as  in 
that  stage  of  Box  and  Gelseminum  poisoning,  when,  according  to 
the  strength  of  the  irritation,  we  obtain  either  a co-ordinated 
or  a tetanic  reflex  act,  the  co-ordinated  act  should  become 
stronger.  This  is  not  true  of  Box  and  Gelseminum  iDoisoning, 
probably  because,  as  the  tetanus  sets  in  and  grows  more  severe, 
the  paralysis  of  the  cord  progresses  quickly,  so  that  any  in- 
crease in  normal  co-ordinated  action  due  to  diminution  of 
resistance  would  escape  detection  ; though  we  must  grant  that 
this  paralysis  should  likewise  weaken  the  tetanic  reflex  act. 
In  strychnia  poisoning,  where  there  certainly  is  no  weakening 
of  reflex  action,  the  co-ordinated  reflex  acts  on  the  onset  of 
tetanus  do  become  stronger,  as  the  following  observation  re- 
peated several  times  establishes.  We  pitlied  and  pegged  a 
frog,  and  when  reflex  action  had  considcrabl}^  declined,  but  the 
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limbs  were  still  withdrawn  under  the  stimulus  of  pinching  or 
electricity,  we  suspended  the  brainless  animal,  by  passing  a pin 
-through  the  lips,  and  pinning  it  to  a retort  holder,  so  that  it 
hung  with  its  legs  suspended,  and  then  injected  grain 

under  the  skin  of  the  back,  and  watched  for  the  onset  of 
tetanus.  With  this  small  dose  tetanus  came  on  slowly,  remaining 
for  a long  time  comparatively  weak,  so  that  a slight  irritation 
induced  a co-ordinated  reflex  act ; a stronger  one,  tetanus.  In 
this  stage  we  found  that  co-ordinated  reflex  action  was  much 
more  easily  and  powerfully  induced  than  before  tetanus  set  in. 
Thus,  before  the  injection  of  the  strychnia  only  the  irritated 
leg  was  withdrawn,  and  once  only,  and  then  again  relaxed ; but 
after  the  setting  in  of  tetanus  the  leg,  in  a co-ordinated  act, 
was  first  withdrawn  on  slighter  irritation ; next,  as  tetanus  in- 
creased, both  legs  were  withdrawn ; and  later,  both  were  with- 
drawn and  extended  several  times,  with  even  a very  slight 
stimulus,  as,  for  instance,  the  very  slightest  touch.  This  effect 
of  strychnia  was  still  better  exemplified  by  the  following  ex- 
periment. A frog,  pithed  and  pegged  seventy-one  hours  before- 
hand, we  suspended  by  a pin  passed  through  the  lips  and 
fixed  to  a stand,  on  each  side  the  right  ankle  we  placed  the 
thin  wires  of  the  electrodes,  tying  them  to  the  ankle  by  waxed 
thread,  then  by  means  of  Du  Bois  Beymond’s  induction  coil 
we  ascertained  the  weakest  current  capable  of  exciting  a reflex 
act.  Then  we  injected  gr.  of  strychnia  under  the  skin  of 
the  back,  the  instrument  standing  at  lO'o,  and  as  tetanus 
gradually  set  in  a weaker  current  was  sufficient  to  produce  a 
co-ordinated  reflex  act.  Thirty-four  minutes  after  the  injection, 
reflex  action  was  induced  with  the  coil  standing  at  11 ; in  an 
hour,  at  12 ; in  an  hour  and  twenty  minutes,  at  13  ; in  an  hour 
and  a half,  at  14 ; in  an  hour  and  forty  minutes,  at  16.  Surely 
this,  an  objector  might  say,  is  increased  excitability  of  the  cord. 
Of  course  strychnia  so  affects  the  cord  that  a slight  stimulus 
evokes  a very  great  discharge  of  nervous  force  ; but  the  question 
we  raise  is  this : — Does  this  increased  evolution  of  nervous  force 
depend  on  some  alteration  in  the  composition  of  the  cord 
elements,  so  that  chemical  changes  and  consequently  the  pro- 
duction of  force  are  more  easily  induced  ; or  is  this  increase 
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of  force  due  to  weakening  or  destruction  of  some  controlling 
power  which  has  been  termed  resistance  ” ? 

In  support  of  the  theory  of  resistance,  we  must  again  refer 
to  the  effect  of  Box  on  the  cord.  This  drug  first  produces  cord 
paralysis,  and  whilst  this  quickly  advances,  strong  tetanus 
occurs,  which,  as  we  have  said,  cannot  be  due  to  increased 
excitability,  but  must,  we  think,  depend  on  loss  of  “ resistance  ” 
of  the  cord ; and  we  suggest  that  it  is  at  least  feasible  that 
even  the  strong  tetanus  of  strychnia  may  depend  simply  on 
loss  of  resistance,  though  as  the  reflex  function  is  in  no  degree 
weakened,  this  tetanus  is  more  powerful  than  that  of  Box. 

We  here  adduce  some  observations  confirmatory  of  this 
view. 

In  a brainless  frog,  after  three  or  four  days,  reflex  action 
so  far  declines  that  it  cannot  be  excited  in  the  smallest  degree 
by  stimulation  of  the  extremities ; but  a sharpish  blow  over 
the  spine  produces  slight  and  general  muscular  contraction. 
On  repeating  the  blows,  the  muscular  contraction  grows  stronger 
and  stronger,  at  last  becoming  decidedly  tetanic ; and  now  if  the 
blows  are  still  continued,  the  muscular  movements  become 
abolished.  These  effects  we  explain  in  the  following  way: — 
The  blow  on  the  back  diminishes  the  “ resistance  ” at  first 
very  slightly,  and  though  all  the  muscles  are  affected  they 
contract  but  slightly;  a repetition  of  the  blows,  of  the  same 
strength,  reduces  the  resistance  more  and  more,  and  with  each 
blow  a greater  amount  of  nerve  force  is  evoked  ; that  is,  the 
amount  of  stimulation  remaining  the  same  we  produce  a far 
greater  amount  of  muscular  contraction.  Repeating  the  blows 
still  further,  we  depress  the  cord,  and  at  last  abolish  all  reflex 
action.  The  increased  evolution  of  nervous  force  in  the  cord 
can  be  explained,  we  think,  only  by  the  fact  of  diminished 
resistance.  The  augmented  evolution  of  nervous  force  cannot 
be  due  tO' excitement  of  the  cord,  since  in  this  experiment  there 
is  nothing  to  suggest  or  to  explain  the  increased  excitability, 
and,  as  we  have  said,  we  took  care  that  the  blows  should  be  as 
nearly  as  possible  of  the  same  strength.  If  this  explanation 
be  accepted,  then  it  shows  that  through  diminution  of  resistance 
a greater  force  is  evolved  with  the  repetition  of  a stimulus 
always  of  the  same  strength. 
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Now  if  we  give  a dose  of  stryclinia  to  a frog  in  the  con- 
dition just  described,  in  a short  time,  when  absorption  has 
taken  place,  we  bring  the  cord  of  that  animal  to  the  condition 
of  the  frog  which  has  undergone  a repetition  of  blows  on  the 
back ; that  is  to  say,  one  blow  will  produce  a decided,  though 
weak,  tetanic  contraction.  Here  the  strychnia  acts  like  the 
repeated  blows,  weakening  resistance,  so  that  a stimulus  will 
evoke  a greater  amount  of  nerve  force  than  would  have  oc- 
curred before  the  resistance  was  depressed. 


[From  the  Journal  of  Anatomy  and  Physiology,  Vol.  XI.] 

THE  INFLUENCE  OF  SALICINE  ON  THE  HEALTHY 
BODY  WITH  SPECIAL  REFERENCE  TO  ITS  IN- 
FLUENCE ON  THE  TEMPERATURE.  By  Sydney 
Ringer,  M.D.,  Professor  of  Therapeutics  at  University 
College ; and  J.  S.  Bury,  Physicians'  Assistant  at  University 
College  Hospital. 

In  March,  1876,  Dr  Maclagan,  of  Dundee,  strongly  recommended 
Salicine  in  acute  rheumatism ; and  in  the  following  April  Dr 
Senator,  of  Berlin,  recommended  salicine  as  a substitute  for 
salicylic  acid.  As  salicine  is  now  largely  used  to  reduce  the 
temperature  of  febrile  diseases,  we  were  induced  to  undertake 
a series  of  observations  to  ascertain  its  effect  on  the  tempera- 
ture in  health.  Whilst  making  these  experiments  we  noted 
carefully,  at  the  same  time,  the  effect  of  the  drug  on  the  various 
functions  of  the  body ; and  in  this  paper  we  record  the  results. 
Before  giving  our  experiments  in  detail  we  here  point  out  the 
results  of  our  observations. 

Salicine,  as  has  been  pointed  out  by  other  observers,  acts 
very  much  like  quinia.  Like  it,  in  even  large  and  toxic  doses, 
as  large  as  can  be  given  with  safety,  salicine  depresses  the 
healthy  temperature,  but  in  a slight  degree,  and  only  for  a 
brief  period.  Moreover  this  slight  effect  follows  only  the  few 
first  doses,  and  then,  in  spite  of  the  continued  administration 
of  the  drug,  the  temperature  quickly  recovers  its  original  state. 

The  slight  effect  produced  by  salicine  or  quinia  is  well 
exemplified  in  the  following  tables  : 


Effect  of  Salicine  on  Temperature  and  Pulse. 
Boy  aged  10. 


Dose. 

Temperature 

depressed. 

Depression 

lasted. 

Pulse 
rose  to. 

Respiration. 

30  grains 

0.2 

65  min. 

Unaffected. 

Unaffected. 

30  „ 

no  effect 

M 

M 

60  „ 

0.8 

about  2 hrs. 

»» 

Quinia. 
Boy  aged  10. 

10  „ 

none 

10  „ 

0.2 

10  „ 

none 

Girl  aged  13. 

8 M 

0.2 

94 

10  „ 

none 

72 

10  „ 

none 

72 

20  „ 

0.1 

3 h.  15  min. 

120 

20  „ 

0.4 

45  min. 
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These  doses  of  quinia  produced  marked  symptoms  of  cin- 
chonism.  These  tables  show  that  like  quinia  doses  of  salicine 
large  enough  to  produce  toxic  symptons  exert  a very  slight 
control  over  the  healthy  temperature.  The  above  table  regard- 
ing quinia  is  abstracted  from  a paper  published  by  one  of  the 
authors  and  Mr  Gill  in  the  Medical  Times  and  Gazette, 

In  this  investigation  when  a sudden  fall,  which  in  a short 
time  is  recovered  from,  occurred  in  the  temperature,  we  have 
considered  the  depression  due  to  some  accidental  cause  as  cool- 
ing the  mouth  by  exposure  or  cold  drinks,  &c.,  and  have  not 
used  such  observation  in  our  calculations  in  this  paper. 

In  order  to  produce  any  symptoms  characteristic  of  the  drug, 
a single  large  dose  of  one  dram  or  more  is  necessary,  or  thirty 
grains  repeated  hourly,  two  or  three  times.  Given  less  fre- 
quently, or  in  smaller  doses,  it  induces  no  symptoms  whatever. 
Toleration  of  the  drug  is  soon  established,  so  that  at  last  large 
doses  fail  to  produce  any  characteristic  effect;  though  when 
given  at  first,  without  any  graduation,  these  full  doses,  even  after 
their  discontinuance,  produce  very  decided  symptoms,  which 
may  persist  one  or  two  days,  and  may  even  become  intensified 
the  day  after  the  withdrawal  of  the  medicine.  The  repetition 
of  large  doses  may  produce  slight  fever,  shown  in  delaying  and 
greatly  lessening  the  evening  normal  diurnal  fall — an  effect 
probably  due  to  irritation  of  the  stomach. 

The  aspect  of  a patient  under  full  medicinal  doses  is  rather 
characteristic,  being  in  many  respects  similar  to  that  of  a 
person  suffering  from  cinchonism.  The  expression  is  dull  and 
heavy,  the  face  quickly  flushes  on  slight  excitement,  and  the 
eyes  become  suffused.  The  flush,  of  rather  a dusky  hue,  suffuses 
itself  uniformly  over  the  whole  face.  The  patient,  made  more 
or  less  deaf,  often  complains  of  noises  in  the  ears.  He  com- 
plains, too,  of  frontal  headache,  and  his  hands,  when  held  out, 
tremble  a little.  His  breathing  is  rather  quickened  and  deep- 
ened. In  some  cases  one  symptom  may  predominate;  thus 
deafness  may  be  almost  complete,  without  headache  or  mus- 
cular trembling ; but  it  rarely,  if  ever,  happens  that  any  symptom 
is  unaccompanied  with  the  dull  heavy  aspect  and  the  readi- 
ness to  flush. 

Under  toxic,  but  not  dangerous  dose.s,  the  headache  is  often 
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very  severe,  so  that  the  patient  buries  his  head  in  the  pillow. 
There  may  be  very  marked  muscular  weakness  and  tremor, 
associated  with  great  muscular  irritability,  so  that  a slight  tap, 
say  on  the  shoulder,  causes  muscular  contractions  so  strong  as 
to  jerk  the  arm  backwards.  There  are  often  slight  spasmodic 
twitchings  when  a limb  is  raised.  Tingling  of  the  extremities 
or  other  parts  of  the  body  sometimes  occurs.  The  voice  may 
become  thick  and  husky.  The  respiration  is  hurried,  some- 
times deepened,  sometimes  sighing  and  shallow  and  almost 
panting,  and  seems  as  though  it  were  performed  rather  labori- 
ously, but  the  patient  does  not  complain  of  any  difficulty  of 
breathing.  The  costal  as  well  as  the  diaphragmatic  movements 
are  involved  in  the  exaggerated  breathing.  Large  doses,  often 
repeated,  quicken  the  pulse  to  140  per  minute,  and  it  becomes 
very  weak.  In  these  healthy  lads  the  drug  did  not  cause 
delirium. 

It  is  very  noteworthy  that  salicine  renders  the  sweat  neutral 
or  alkaline.  We  think,  too,  that  the  urine  becomes  neutral  or 
less  acid;  but  on  this  point  our  observations  are  too  few  to 
justify  our  speaking  confidently.  The  alkaline  reaction  of  the 
sweat  we  noticed  in  many  rheumatic  patients  under  the 
influence  of  large  and  frequent  doses,  and  the  sweat  may  be 
alkaline,  whilst  the  urine  is  acid. 

We  find  that  if  moderate  doses  are  first  given,  the  medicine 
may  then  be  increased,  till  a lad  ten  years  old,  beginning  with 
80  grains,  may  be  brought  to  take  180  grains  daily,  without 
any  symptoms. 

Though  the  effect  of  the  drug  on  the  temperature  was  so 
slight,  we  have  introduced  the  charts,  because,  the  observations 
being  made  with  very  great  care  and  at  less  intervals  than  in 
any  other  observations  we  know  of  (excepting  some  other 
experiments  made  by  one  of  the  authors  and  read  before  the 
Royal  Society),  they  are,  on  physiological  grounds,  valuable  as 
indications  of  the  course  the  temperature  runs  throughout  the 
day  and  the  effect  on  it  of  food,  &c.  Moreover  on  many  days 
no  salicine  was  given. 

We  tested  the  effects  of  salicine  in  three  sets  of  experi- 
ments, each  on  three  healthy  lads.  To  the  first  two  we  gave 
large  doses  and  produced  decided  symptoms ; to  the  third  we 
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gave  at  first  smaller  doses  and  increased  them  gradually  till  he 
took  three  drams  daily,  producing,  as  we  shall  see,  scarcely 
any  symptoms. 

In  two  sets  of  experiments  the  temperature  was  taken  under 
the  tongue  ; in  the  other  series,  in  the  rectum.  These  lads  took 
breakfast  between  six  and  seven ; dinner  between  twelve  and 
half-past,  and  tea  between  four  and  five. 

We  took  the  temperature  hourly,  from  9 a.  m.  till  12  p.  m. 
Observations  were  made  hourly  for  six  days  on  the  first  lad ; 
on  the  second  for  eight  days ; on  the  third  for  thirty  days.  For 
a few  days  we  gave  no  salicine,  that  we  might  compare  the 
temperature  of  the  body  on  salicine  days  with  non-salieine  days. 

Our  first  set  of  experiments  were  made  on  a lad  aged  ten, 
weighing  lbs.  His  temperature  was  taken  under  the 
tongue  and  during  the  investigation,  he  was  kept  in  bed  but 
was  allowed  to  sit  up  in  it.  He  was  admitted  with  bella- 
donna poisoning,  but  our  observations  were  not  commenced 
till  some  days  after  his  complete  recovery. 


CHART  I.  MEMORANDA. 

Boy  aged  10.  Weight,  3 st.  2^  lbs.  Admitted  with  Belladonna  poisoning  Aug.  4, 


August  7. 


Hour. 

Pulse. 

Resp. 

Remarks. 

9 

80 

20 

6 a.m.  Breakfast — bread  and  milk.  Thermometer 

10 

76 

20 

kept  under  tongue  for  five  minutes. 

11 

74 

20 

9’30.  Mug  of  milk. 

12 

76 

22 

12'30.  Dinner — mutton,  potatoes,  rice,  bread  and 
milk.  Good  dinner.  Patient  kept  in  bed  but  al- 

1 

76 

24 

2-15 

76 

22 

lowed  to  sit  up  and  move  about. 

3 

76 

24 

4 

76 

20 

4-30.  Tea— milk,  bread  and  butter.  Good  meal.. 

5 

72 

24 

6 

72 

22 

7 

72 

24 

7'30.  Mug  of  milk. 

8 

76 

22 

9 

72 

22 

10 

70 

16 

11 

70 

16 

12 

68 

16 

August  8. 

915 

88 

28 

7’30.  Breakfast — bread  and  milk. 

10 

76 

24 

11 

72 

24 

11.  Mug  of  milk. 

12 

72 

24 

12-30.  Dinner — mutton,  potatoes,  greens,  rice  pud- 

1 

78 

26 

ding,  water.  Good  dinner. 

2-15 

78 

26 

3 

78 

24 
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4 

76 

24 

5 

80 

26 

6 

76 

24 

7 

76 

28 

8 

76 

22 

9 

88 

24 

to 

80 

20 

11 

72 

18 

12 

76 

18 

9 

78 

22 

10 

84 

24 

11 

80 

28 

12 

72 

28 

1 

82 

28 

2 

82 

28 

3 

80 

20 

4 

82 

24 

5 

84 

26 

6 

88 

22 

7 

84 

24 

8 

80 

24 

9 

72 

18 

10 

70  ‘ 

16 

11 

70 

16 

12 

72 

19 

8*45 

76 

24 

9*5 

76 

24 

9*20 

76 

24 

9*45 

10*5 

74 

20 

10*30 

76 

20 

10*50 

72 

24 

11*10 

76 

18 

11*40 

76 

20 

12*5 

76 

24 

1*10 

80 

26 

2 

3 

76 

24 

4 

76 

24 

5 

78 

25 

6 

80 

22 

7 

82 

24 

8 

78 

24 

9 

72 

22 

10 

68 

20 

11 

64 

18 

12 

CG 

1C 

5-30.  Tea— milk,  bread  and  butter,  1 egg. 
7*30.  Custard  tart  and  milk. 


12*30.  Mug  of  milk. 

August  9. 

7*30  a.m.  Breakfast — bread  and  milk.  9 a.m. 

Amount  of  urine  passed  since  9 a.m.  yesterday  ^ 22. 
10  a.m.  Mug  of  milk. 

12*30  p.m.  Dinner — mutton,  potatoes,  no  greens,  rice 
pudding,  milk.  Good  dinner. 

4*30  p.m.  Tea — milk,  bread  and  butter,  one  egg.  Good 
meal. 

7*30  p.m.  Mug  of  milk. 


August  10. 

5*45  a.m.  Breakfast — bread  and  milk.  Good.  9 a.m. 
Amount  of  urine  passed  since  9 a.m.  yesterday  ^ 22. 

9*45  a.m.  Took  30  grains  of  Salicine  in  ^ j o/  water. 
10*5  a.m.  Thermometer  in  mouth  10  min. 

10  a.m.  Mug  of  milk.  10.  Patient  complained  of  a 
bitter  taste  on  taking  the  drug ; .almost  directly  after 
swallowing  it,  he  felt  sick  and  had  hard  work  to 
keep  from  vomiting ; the  sensation  of  sickness  soon 
passed  off.  He  complained  also  of  frontal  headache. 

10*50  a.m.  Took  30  grains  of  Salicine  in  of  water. 

10*50 — 11*40  a.m.  The  second  dose  was  followed  im- 
mediately by  nausea,  which  soon  passed  off;  then 
severe  frontal  headache  came  on,  so  bad  that  the 
boy  shut  his  eyes,  and  buried  his  face  in  his  arm 
(this  was  at  11*10) ; his  face  was  also  much  flushed 
and  the  conjunctivaB  slightly  injected.  Giddiness, 
too,  experienced. 

At  11*40  these  symptoms  had  almost  left  him. 

12*30  p.m.  Dinner — mutton,  potatoes,  rice  pudding, 
milk.  Good  dinner. 

If 

3 p.m.  Currant  bun. 

4*45  p.m.  Bread  and  butter  and  milk.  Good  meal. 

5*45  p.m.  Sponge  cake. 

7*30  p.m.  Mug  of  milk  and  piece  of  custard. 
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August  11. 


8*45 

80 

24 

9*30 

76 

22 

9*40 

76 

24 

10 

76 

24 

10*15 

72 

22 

10*30 

72 

10*45 

72 

24 

11 

76 

26 

11*15 

70 

22 

12 

76 

26 

1 

72 

24 

2*15 

76 

24 

3 

76 

22 

4 

5 

6 

7 

80 

24 

8 

76 

24 

9 

76 

24 

10 

68 

18 

11 

68 

18 

12 

68 

18 

7-30  a.m.  Breakfast — egg  and  milk  and  bread  and  milk. 

9 a.m.  Quantity  of  urine  passed  since  9 a.m.  yester- 
day ^20. 

9*40  a.m.  60  grains  of  Salicine  in  ^ ij  water. 

9'52  a.m.  Flushed.  Complains  of  frontal  headache. 

9’55  a.m.  Headache  severe — frpntal.  Flushes  readily. 
Dull,  heavy,  and  apparently  decided  muscular  weak- 
ness. Tingling,  like  pins  and  needles,  in  right 
ankle.  11  *30.  Mug  of  milk. 

10'4  a.m.  Pain  only  over  left  brow.  Dull,  heavy  flushes. 

10'7  a.m.  Headache  getting  much  better  (pupils  rather 
more  dilated  ?) 

10’15  a.m.  Headache  only  over  left  brow.  Is  very 
dull.  Says  he  feels  rather  sleepy.  Decided  mus- 
cular weakness.  Answers  questions  slowly.  Move- 
ment made  his  head  worse.  Lies  in  a semi-stupid 
state.  Is  generally  very  lively.  Pulse  certainly 
much  softer.  Twitchings  of  leg  which  he  cannot 
control,  and  slight  of  muscles  of  arm.  Lies  gene- 
rally with  eyes  closed. 

10*30  a.m.  In  much  the  same  state.  Still  twitchings. 
Very  dull.  Drowsy ; lies  with  eyes  closed.  No 
headache.  Still  flushes  very  readily.  Pulse  little 
fuller  and  stronger. 

10*40  a.m.  Drowsiness  and  dulness  not  decreased,  and 
still  twitches.  No  headache.  Still  flushes  readily. 

10*45  a.m.  Still  very  dull,  with  decided  muscular 
weakness.  Crying,  but  has  no  pain.  Pulse  recovered. 

11a.m.  Less  dull.  No  headache  or  other  pain.  Still 
flushes. 

11*15  a.m.  A little  dulness  only  noticeable. 

12  noon.  The  boy  is  lively ; looks  himself  again. 

12*30  p.m.  Dinner — mutton,  potatoes,  bread,  milk. 
Poor  dinner. 

4*30  p.m.  Tea — bread,  butter,  milk,  jam  tart. 

7 p.m.  Milk  and  bread. 


% 


August  12. 


9 

76 

24 

10 

76 

24 

11 

80 

22 

12 

76 

24 

1 

80 

20 

2 

80 

24 

3 

80 

24 

4 

68 

22 

5 

6 

84 

24 

7 

84 

26 

8 

84 

26 

9 

72 

18 

10 

75 

18 

11 

68 

18 

12 

68 

17 

7 a.m.  Breakfast — bread  and  milk  and  one  egg. 

9 a.m.  Quantity  of  urine  since  9 a.m.  yesterday  J 20. 

* 

12  noon.  Dinner — mutton,  potatoes,  mug  of  milk. 
Poor  dinner. 

4*30  p.m.  Tea — bread,  butter,  milk,  one  egg.  Good 
meal. 

7 p.m.  Milk  and  two  ginger  cakes. 


11  p.m. 

12  p.m. 


I Bedclothes  thrown  off  body  and  legs. 
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For  the  first  three  days  he  took  no  medicine,  on  the  fourth  we 
gave  salicine  in  two  doses,  each  of  thirty  grains,  and  on  the  following 
day  a single  sixty-grain  dose.  Observations  were  continued  through- 
out the  sixth  day,  although  he  took  none  of  the  drug. 

The  results  of  our  observations  are  put  into  the  following  table : 


Maximum 
temperature 
of  day. 

Eise  after 
dinner. 

Eise  after 
tea. 

Evening  fall 
begun. 

Diurnal 

variation. 

Average 
temperature 
of  day. 

1st  day 

99.1 

0.4 

0 

8 

1.6 

98.4 

No  salicine 

2nd  day 

99.5 

0.6 

0.5 

7 

1.4 

98.7 

No  salicine 

3rd  day 

99.4 

0.4 

0.4 

6 

1.7 

98.7 

No  salicine 

4th  day 

99 

0 

0 

9 

1.7 

98.3 

60  grains  in 
two  doses 

5th  day 

99.3 

0 

0.2 

6 

1.7 

98.5 

60  gi’ains  in 
one  dose 

6th  day 

99 

0 

0.2 

9 

1.9 

98.2 

No  salicine 

In  respect  to  this  table  we  must  first  remark  that  the  rise  after 
dinner  and  tea  lasted  a very  short  time,  and  we  think  that  part 
of  this  rise  was  due  to  the  warm  tea ; for  after  warm  drinks  we  have 
found  that  the  mouth  temperature  is  often  considerably  raised,  some- 
times even  to  the  extent  of  a degree,  remaining  so  a quarter  of  an 
hour  or  even  longer. 

A reference  to  the  above  table  might  lead  to  the  conclusion  that 
the  effect  of  salicine  was  inappreciable  or  nil,  but  a glance  at  the  ac- 
companying chart  (Chart  I.)  will  show  that  the  drug  produced  a manifest 
effect.  On  the  fourth  day,  after  taking  three  observations  at  intervals 
of  a quarter  of  an  hour,  it  will  be  seen  that  we  administered  by  the 
mouth  thirty  grains  of  salicine  dissolved  in  water  at  9 ’45,  and 
another  thirty-grain  dose^at  10*50.  The  medicine  produced  a decided 
though  slight  effect  on  the  temperature.  Thus  throughout  the  day,  the 
temperature  remained  more  stationary  than  on  non-salicine  days. 
After  the  first  dose  there  occurred  a fall  of  0*2"  Fah. ; during  the  next 
hour  it  rose  0*4  in  spite  of  the  second  dose,  and  the  maximum  tem- 
perature of  the  day  was  attained  at  1 1 *40.  Then  instead  of  riings 
after  dinner  and  tea,  as  on  the  previous  non-salicine  days,  it  slowly  and 
continuously  declined,  so  that  at  8 p.m.  it  had  fallen  0*4“  Fah.,  then 
the  diurnal  variation  commenced  and  amounted  to  1 *7“  Fah.  Thus 
the  effect  of  the  salicine  on  this  day  was  to  lower  the  temperature 
0*2“  Fah.,  and  to  prevent  the  rise  after  dinner  and  tea,  effects  very 
slight  and  unimportant.  Next  (5th)  day,  after  three  observations, 
we  administered  in  one  dose  sixty  grains  of  salicine  dissolved  in  two 
ounces  of  water  at  9*40  a.m.  The  temperature  from  this  time  gradu- 
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ally  fell,  reaching  its  maxinumi  fall  of  0'8”  at  11,  it  then  rose  and  had 
recovered  itself  at  12,  and  between  12  and  5 it  rose  the  evening 

fall  then  began  and  amounted  to  1‘7“  Fah.  There  was  no  nse  after 
dinner,  and  only  0’2‘’  after  tea.  Thus  on  this  day  the  effect  was 
a fall  of  0'8”,  lasting  about  two  hours,  and  no  rise  after  food.  The 
amount  of  diurnal  variation  was  unaffected  on  both  the  salicine  days. 

Next  day  he  took  no  salicine,  and  his  temperature  remained 
remarkably  uniform  throughout  the  day,  till  the  diurnal  variation 
set  in.  The  evening  fall  began  between  eight  and  nine,  and  the 
diurnal  variation  amounted  to  1 *9'’  Fah. 

The  drug  produced  no  effect  on  the  pulse  or  respiration. 

Although  on  each  of  the  two  days  we  gave  the  same  dose,  the 
drug  produced  far  more  decided  effects  after  the  second  than  after  the 
tirst  dose.  On  the  first  day  we  gave  two  thirty-grain  doses  at  sixty- 
five  minutes  interval ; on  the  next  day  sixty  grains  were  given  at 
once.  This  difference  would  indicate  that  the  drug  is  quickly  elimi- 
nated. 

The  symptoms  produced  were  slight  nausea,  probably  due  to  the 
bitter  taste  of  the  drug  ; then,  in  a few  minutes  after  the  second  dose, 
severe  frontal  headache  set  in,  so  severe  that  the  lad  shut  his  eyes 
and  buried  his  head  in  his  arm.  Flushing  of  the  face  esj)ecially  on 
any  excitement.  Slight  injection  of  the  conjunctiva,  and  giddiness. 
In  an  hour  these  symptoms  had  almost  left  him,  a fact  confirming 
the  conclusion  that  the  drug  is  speedily  eliminated. 

Sixty  grains  produced  the  same  symptoms  in  a more  marked 
degree.  Severe  headache  and  flushing  came  on  in  twelve  minutes. 
Though  a very  lively  boy,  he  became  very  dull  and  stupid,  lying  with 
his  eyes  closed,  and  answering  questions  slowly.  He  complained  of 
tingling  like  pins  and  needles  in  his  right  ankle,  and  suffered  from 
very  decided  muscular  weakness,  soon  accompanied  by  muscular 
twitchings  and  tremblings  of  the  legs  and  arms.  At  this  time  the 
pulse  was  much  softer. 

In  the  following  table  we  give  the  time  these  symptoms  set  in 
and  their  duration,  calculating  from  the  time  of  taking  the  medicine. 


Set  in. 

Ceased. 

Headache 

1 2 min. 

50  min. 

Flushing 

12  min.  * 

1 

h. 

20  min. 

Muscular  weakness 

1 5 min. 

1 

h. 

20  min. 

Muscular  twitchings 

35  min. 

1 

h. 

20  min. 

Dullness  and  heaviness 

15  min. 

1 

h. 

45  min. 

The  cjuantity  of  urine  was  almost  unaffected,  as  the  following  table 
shows  : 

Without  medicine 

>j  >) 

Salicine  day 

)5 

The  next  series  of  observations  were  made  on  a lad  aged 
nine,  convalescent  from  pneumonia,  his  temperature  having 


Daily  amount. 
22  oz. 

22  oz. 

20  oz. 

20  oz. 
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become  normal  ten  days  previously.  We  experimented  some- 
what differently. 

The  boy  was  kept  in  bed.  His  temperature  was  taken  hourly 
in  the  rectum.  For  two  days  he  took  no  medicine ; on  the  two 
following  days  he  took  salicine  in  thirty -grain  doses  at  10  a.m., 
11  a.m.,  2 p.m.,  3 p.m.,  5 p.m.,  and  6 p.m. ; thus  in  the  course  of  the 
day  he  took  3iii.  Next  day  we  administered  thirty-grain  doses  eiglit 
times  at  10  a.m.,  11  a.m.,  12  p.m.,  1 p.m.,  2 p.m.,  3 p.m., 

4 p.m.,  and  5 p.m. 

The  results  with  this  lad  are  rather  singular.  On  the  first  day 
these  large  doses  produced  no  symptoms,  in  fact  symptoms  did  not 
set  in  till  noon  of  the  second  day,  but  they  increased  during  the 
night,  after  the  discontinuance  of  the  medicine,  and  were  severe  all 
next  day,  and  for  three  days  after. 

As  m the  previous  observations,  we  shall  speak  first  of  the  effect 
of  the  salicine  on  the  temperature,  pulse,  and  respiration. 

CHAET  IT.  MEMOKANDA. 

P.  B.  Aged  9.  Convalescent  from  Pneumonia.  Temp,  normal  on  9th. 


September  19. 


Hour. 

Pulse. 

Kesp. 

Eemarks. 

9 a.m. 

70 

22 

5*30  a.m.  Breakfast — bread  and  butter,  one  egg,  mug 
of  milk.  Moderate  breakfast. 

10 

80 

24 

10  a.m.  Lunch — mug  of  milk  and  bread. 

11 

80 

24 

12 

80 

28 

12  noon.  Dinner — mutton,  potatoes,  greens,  pudding 

1 p.m. 

84 

24 

(rice),  mug  of  milk.  Moderate  dinner. 

2 

80 

26 

3 

70 

28 

4 

72 

28 

5 

80 

28 

5 p.m.  Tea — bread  and  butter,  one  egg,  mug  of  milk, 
small  bunch  of  (about  12)  grapes.  Good  meal. 

6 

80 

24 

7 

74 

24 

8 

70 

22 

) Profuse  perspiration  of  face  and  upper  limbs  and 

9 

66 

22 

) chest ; lower  limbs  dry. 

10 

66 

22 

Face  still  moist ; arms  only  slightly  moist. 

11 

70 

18 

12 

70 

18 

9 a.m. 

72 

24 

September  20. 

5*30  a.m.  Breakfast — bread,  one  egg,  mug  of  milk. 
Moderate  breakfast. 

10 

68 

24 

11 

68 

24 

12 

72 

20 

12  noon.  Dinner — mutton,  potatoes,  greens,  milk, 

1 p.m. 
o 

68 

24 

pudding  (rice).  Good  dinner. 

3 

A 

70 

24 

5 

6 

70 

24 

4-30  p.m.  Tea — bread  and  butter,  one  egg,  mug  of 
milk,  and  a few  grapes. 

7 

68 

24 

8 

68 

24 

Mug  of  milk  at  7 p.m. 

9 

60 

20 

10 

62 

20 

11 

68 

21 

12 
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September  21. 


9 a.m. 
9-45 
10-15 

10- 30 

11- 15 

11- 30 

12- 0 
1p.m. 

1- 45 

2- 25 

3- 15 

3- 45 

4- 15 


72 

26 

68 

76 

24 

76 

28 

76 

28 

78 

24 

6-15 

6-45 

6- 30 

7- 30 

8- 30 

9- 30 
11-0 
12-0 


5-30  a.m.  Breakfast — bread  and  butter,  one  egg,  mug  of 
milk.  Good  breakfast.  Urine  ^ xviii.  in  last  24  hrs. 

10  a.m.  * Salieine  gr.  xxx.  in  water  ^ i.  10-15.  No 
headache,  no  heaviness,  or  any  pain  or  uneasiness. 
10-30.  No  symptoms. 

11  a.m.  Salieine  again  given  in  same  dose.  Boy  was 
repeatedly  asked  between  11  and  12  if  he  felt  well,  and 
complained  of  nothing.  No  alteration  in  pupils  or 
general  aspect  of  face. 

2 p.m.  Salieine  gr.  xxx.  again  given.  Bowels  open 
once.  No  symptoms. 

3 p.m.  Salieine  gr.  xxx.  repeated. 

4*15  p.m.  Tea — bread  and  butter,  one  egg,  mug  of 
milk,  a few  grapes.  Very  good  meal. 

5 p.m.  Salieine  gr.  xxx. 

No  symptoms. 

6 p.m.  Salieine  gr.  xxx.  repeated. 

No  symptoms. 


September  22. 


9 a.m. 

88 

24 

9-45 

10-15 

88 

28 

10- 45 

11- 15 

11- 45 

12- 30 

1-15 

104 

32 

1- 30 

2- 15 

108 

3-0 

3-30 

112 

32 

4- 30 

5- 46 

116 

30 

7 p.m. 
8 
9 

112 

28 

10 

11 

12 

108 

24 

5-30  a.m.  Breakfast — bread  and  butter,  one  egg,  mug 
of  milk.  Moderate  breakfast. 

10  a.m.  Took  30<7rs.  of  Salieine  in  1 ounce  of  water. 
No  symptoms.  Urine  ^ xiii.  in  last  24  hours. 

Urine  slightly  acid ; contains  abundance  of  Salieine. 

11  a.m.  Took  30  grs.  of  Salieine.  No  symptoms. 
12  noon.  Another  dose  of  Salieine. 

12-15.  Dinner — small  piece  of  mutton,  little  potato, 
pudding,  mug  of  milk.  Vei'y  poor  dinner.  Bowels 
open  4 times. 

p.m.  * Another  dose  of  Salieine. 

40  p.m.  Tremor  of  hands  when  held  out.  Face 
flushed,  perspiring ; looks  dull  but  complains  of  no 
headache  or  pain.  Pulse  large,  soft,  compressible. 
2 p.m.  Another  dose  of  Salieine. 
p.m.  Another  dose  of  Salieine.  3-15.  Much  tremor 
of  hands ; face  flushed, 
p.m.  Another  dose  of  Salieine. 
p.m.  Repeated. 

15  p.m.  Tea — one  egg,  bread  and  butter.  Very  good 
tea.  Marked  tremor  of  the  hands  whilst 
Grasp  of  hands  strong  and  equal, 
p.m.  Urine  slightly  acid.  Sp.  gi*.  1028. 


1 

1- 


Face  flushed. 


eating. 
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9 a.m. 

112 

32 

10 

124 

32 

11 

128 

36 

12 

1 p.m. 

140 

40 

2 

128 

32 

3 

124 

33 

4 

120 

30 

5 

116 

32 

6 

116 

32 

7 

116 

32 

8 

116 

32 

9 

108 

26 

10 

104 

24 

11 

12 

96 

22 

9 a.m. 

10 

100 

26 

11 

104 

28 

12 

1p.m. 

2 

108 

24 

3 

108 

28 

4 

94 

5 

90 

6 

90 

7 

90 

8 

90 

9 

82 

10 

82 

11 

84 

18 

12 

September  23. 

5 a.m.  Boy  vomited  twice,  bringing  up  remains  of 
food.  No  breakfast. 

9 a.m.  Looks  heavy  and  dull ; is  decidedly  deafer ; 
can  only  hear  a watch  tick  when  laid  on  the  ear. 
He  feels  a tingling  in  the  right  ear  near  the  surface ; 
has  no  buzzing  noises  in  head,  no  headache,  nor 
pain  anywhere.  Does  not  seem  to  understand  ques- 
tions so  well  as  formerly,  and  there  is  a httle  tre- 
mor of  lips  in  speaking  and  the  voice  is  thick.  Breath- 
ing laboured  and  trunk  shakes  a little  during  the 
act.  Hands  tremble  when  held  out,  and  small  spas- 
modic movements  of  the  whole  upper  limb  occur  at 
intervals.  Also  slight  jerks  and  tremor  of  lower  limb 
when  raised  from  bed. 

9'30  a.m.  Feels  sick  but  does  not  vomit.  Grasp  of 
hands  is  weaker  than  it  was  yesterday.  Speech  a little 
jerky;  voice  husky;  words  not  well  laid  hold  of, 
hps  and  tongue  not  being  used  with  natural  free- 
dom. Eyes  heavy  and  half  shut.  Mouth  wide 
open.  Bather  thirsty.  Pulse  soft  and  compressible. 

1*30  p.m.  Urine  neutral ; abundance  of  Saliciue.  Great 
muscular  irritability,  on  tapping  the  muscles  they 
contract.  Breathing  a little  laboured. 

4*0  p.m.  Pulse  of  better  quahty.  Symptoms  passing  off ; 
expression  brighter ; much  less  deafness ; irritability 
of  muscles  as  before.  No  pain  anywhere.  Manner 
still  dull.  Breathing  less  laboured:  more  thoracic 
than  diaphragmatic.  Much  Salicine  in  urine. 

8*0  p.m.  Urine  sHghtly  acid,  contains  plenty  of  Sali- 
cine. Less  irritability  of  muscles.  Manner  still  dull, 
and  boy  heavy  and  sleepy. 

Dinner  at  12  noon  of  small  chop,  greens,  and  potatoes. 
A moderate  dinner. 

Tea  at  4*15  p.m. — bread  and  butter,  one  egg,  mug  of 
milk  with  a little  tea  in.  Very  good  meal. 


September  24. 

5*30  a.m.  Breakfast — bread  and  butter,  one  egg,  mug 
of  milk.  Good  breakfast. 

10  a.m.  Deafness  less.  Stni  looks  dull,  and  unless 
spoken  to,  lies  with  eyes  half  closed,  and  very  often 
is  asleep. 

Muscular  irritability  still  present  though  less  than 
yesterday,  and  the  muscles  contract  when  tapped. 
Urine  as  before. 

3 p.m.  Pulse  still  compressible.  Breathing  less 
laboured,  but  thoracic.  Tremor  of  hands  and  arms 
when  held  out.  Slight  muscular  irritability.  Boy 
looks  brighter,  and  can  now  hear  a watch  tick  when 
held  at  a distance  of  four  inches  from  the  ear. 


12  noon.  Dinner — mutton,  potatoes,  pudding.  Mode- 
rate dinner. 

5*15  p.m.  Tea — bread  and  butter,  one  egg,  and  mug 
of  milk.  Good  meal. 
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9 a.m. 

74 

22 

10 

11 

72 

24 

12 

1 p.m. 
2 

88 

26 

3 

100 

4 

96 

5 

6 

100 

24 

7 

8 
9 

92 

22 

10 

11 

12 

88 

18 

9 a.m. 

88 

22 

10 

. 76 

22 

11 

12 

88 

20 

1 p.m. 

2 

3 

4 

84 

24 

5 

6 

84 

22 

7 

8 

9 

10 

84 

16 

11 

12 

September  25. 

5'30a.m.  Breakfast — bread  and  butter,  one  egg,  mug 
of  milk.  A good  breakfast. 

One  stool  at  3 a.m.  and  a small  one  at  8 a.m. 

8-15  a.m.  Boy  looks  much  brighter,  but  his  face  is 
very  pale.  There  is  still  a very  little  tremor  of 
hands  when  held  out,  and  Just  a trace  of  irritability 
in  the  back  muscles.  Less  deafness  ; eyes  less  heavy- 
looking. Urine  reaction  as  before,  just  tinging  blue 
litmus  red ; about  ^ inch  in  height  in  moderate- 
sized test-tube  is  coloured  deep  purple  with  1 drop 
of  Liq.  Ferri  Perchlor. ; the  colour  dissolves  on 
shaking,  but  1 drop  more  of  L.  F.  P.  produces  a 
permanent  colour. 

4 p.m.  Urine  as  before.  Very  slight  tremor  of  hands. 
Can  now  hear  watch  tick  when  held  1 or  2 feet  from 
head. 

1 p.m.  Another  stool,  making  3 to-day. 

12  noon.  Dinner — very  small  piece  of  mutton  and  rice 
pudding.  A very  poor  dinner. 

4 p.m.  Tea — bread  and  butter,  one  egg,  and  mug  of 
milk.  A good  meal. 

September  26. 

5*30  a.m.  Breakfast — bread  and  butter,  one  egg,  mug 
of  milk. 

9 a.m.  Free  from  dulness  and  deafness,  can  hear  a 
watch  tick  at  a distance  of  3 feet  from  head,  an  im- 
provement even  on  yesterday.  No  tremor  or  mus- 
cular irritability.  , 

Urine  slightly  acid,  contains  Salicine,  but  reaction  not 
quite  so  marked  as  before. 

4 p.m.  Urine,  passed  10  minutes  since,  is  neutral; 
contains  dense  white  pp.  of  phosphates ; slight 
purple  colour  produced  with  2 drops  of  L.  F.  P., 
showmg  a trace  of  Salicine  still  present. 


12  noon.  Dinner — mutton,  potatoes,  greens.  A poor 
dinner, 

4 p.m.  Tea — bread  and  butter,  one  egg,  and  mug  of 
milk.  A good  meal. 


The  chart  (Chart  II.)  which  we  have  given  will  show  that  on  the  first 
day  the  temperature  rose  between  9 a.m.  and  1 p.m.  Fah.  and  then 
slowly  fell ; the  diurnal  variation  apparently  beginning  about  6p.m.  and 
amounting  to  2 *9'’  Fah.  Next  day,  also  without  salicine,  the  course 
of  the  temperature  was  very  singular.  It  remained  pretty  stationary 
from  9 a.m.  till  1 p.m.  and  then  fell  1®,  remaining  about  this  point 
till  9 a.m.  and  again  fell  1’6“;  the  diurnal  variation  amounting  to 
2‘3^  Next  day,  the  first  on  which  salicine  was  given,  the  tempera- 
ture fell  after  the  first  dose  of  30  grains  *4”  in  1 ^ hour,  and  remained 
depressed  for  about  3 hours,  and  then  rose  to  its  oiiginal  height  in 
.spite  of  the  continuance  of  the  medicine.  The  evening  fall  began  at 
7*30  p.m.  and  the  diurnal  variation  amounted  to  1'9®  Fah.  The  only 
effect,  therefore,  of  the  salicine  was  a very  slight  and  temporary 
depression  of  the  tcmjDeraturc,  not  maintained  by  tlie  continuance  of 
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the  tneclicine,  and  the  diurnal  fall  was  not  quite  so  great  as  on  the 
two  previous  days,  though  within  the  limits  of  variation  of  health. 

Next  day  when  3 drachms  of  salicine  in  divided  doses  was  given 
the  temperature  was  not  even  temporarily  depressed ; in  fact  it  rose 
•6"  between  9 a.m.  and  1 p.m.,  and  then  slowly  fell  'S”  till  3.30  p.m. 
The  evening  fall  began  between  7 p.m.  and  8 p.m.,  and  the  diurnal 
variation  amounted  to  1‘5®, 

Next  day,  with  very  marked  symptoms,  though  without  salicine, 
the  temperature  ran  the  same  course,  rising  gradually  from  9 a.m. 
till  1 p.m.,  and  after  4 p.m.,  slowly  falling  till  12  p.m.;  the  daily 
variation  amounting  to  only  0‘9“.  On  these  two  days  the  only 
apparent  effect  therefore  of  salicine  was  to  lessen  the  diurnal  range, 
with  a very  slight  increase  in  the  maximum  temperature  of  the  day  ; 
and,  strange  to  say,  these  effects  were  marked  most  on  the  day  follow- 
ing the  large  doses  of  salicine,  not  on  the  day  the  large  doses  of 
salicine  were  taken,  but  on  the  following  day. 

Next  day,  taking  the  temperature  as  usual,  it  remained  pretty 
stationary,  varying  only  "2°  from  9 a.m.  till  6 p.m.  and  then  fell,  the 
diurnal  variation  amounting  to  1 'S®. 

On  the  two  days  following  the  temperature  returned  to  the  course 
it  observed  on  the  first  non-medicine  day,  slightly  rising  from  9 a.m. 
till  1 p.m.,  the  rise  amounting  to  0'5°  Fah.,  and  then  the  diurnal  fall 
began  respectively  at  7 p.m.  and  6 p.m.  and  amounted  to  2’2“  and  1*7^ 

We  now  summarize  our  observations  in  the  following  table ; 


Date. 

Medicine 

given. 

Amount. 

Maximum 
temperature 
of  the  day. 

Amount  of 
diurnal 
variation. 

Sep.  19 

None 

99.1 

2.9 

„ 20 

None 

98.9 

2.3 

„ 21 

Salicine 

3 hi 

98.9 

1.9 

„ 22 

Salicine 

3 i 

99.3 

1.5 

„ 23 

None 

99.5 

0.9 

„ 24 

None 

99.4 

1.8 

25 

None 

99.5 

2.2 

„ 26 

None 

99.5 

1.7 

We  may  remark  that  in  these  observations,  taken  in  the 
rectum,  very  little  and  generally  no  rise  of  temperature  occurred 
after  food — a circumstance  strongly  favouring  a previous  sugges- 
tion, that  the  rise  after  food,  in  cases  where  the  temperature  is 
taken  under  the  tongue,  is  due  to  the  hot  food  heating  the 
mouth  bv  direct  contact. 

t/ 
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This  table,  coupled  with  preceding  observations,  shows  that 
even  very  large  doses,  as  large  as  can  be  safely  given,  depress 
the  temperature  very  little,  and  only  after  the  first  few  doses, 
and  subsequently,  instead  of  lowering  the  temperature,  the 
drug  produces  slight  fever;  thus  it  slightly  raised  the  tem- 
perature, though  not  above  the  limits  of  health,  but  delayed 
the  onset  of  the  evening  fall,  and  lessened  the  amount  of 
diurnal  variation,  thus  giving  evidence  of  the  febrile  move- 
ment. This  slight  fever  may,  we  think,  be  due  to  catarrh  of 
the  stomach,  caused  by  the  medicine,  which,  in  so  many  in- 
stances excites  vomiting. 

In  this  case  the  pulse  and  respirations  were  greatly  affected,  both 
being  considerably  quickened.  As  was  the  case  with  the  temperature, 
so  with  the  pulse  and  respiration,  the  effects  of  the  medicine  were 
most  marked  the  day  after  the  discontinuance  of  the  drug.  Thus 
the  full  effects  as  regards  the  pulse  and  respirations  and  other  symp- 
toms culminated  about  1 p.m.  on  the  day  following  the  withdrawal 
of  the  drug,  the  pulse  at  that  time  being  140  and  the  breathing  40. 
On  the  following  day,  that  is,  two  days  after  the  administration  had 
ceased,  the  pulse  and  respirations  had  greatly  fallen,  but  were  still 
quick  and  next  day  they  became  normal.  The  pulse  when  frequent 
was  very  compressible,  but  improved  in  quality  as  it  diminished  in 
frequency. 

The  drug’s  influence  on  the  pulse  and  respiration  is  shown  in  the 
following  table : — 


Date. 

Medicme. 

Amount  of 
Medicine. 

Maximum 
and  mini- 
mum pulse 
of  the  day. 

Maximum 
and  mini- 
mum respi- 
ration of  the 
day. 

Sep.  19 

None 

66  to  84 

18  to  28 

„ 20 

None 

68  to  72 

20  to  24 

„ 21 

Salicine 

3 iii 

68  to  78 

24  to  28 

„ 22 

Salicine 

? j 

88  to  116 

24  to  30 

» 23 

None 

112  to  140 

22  to  40 

„ 24 

None 

82  to  108 

18  to  28 

M 25 

None 

72  to  100 

18  to  26 

M 26 

None 

76  to  88 

16  to  24 
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We  now  give  a resume  of  his  symptoms.  Nothing  was  noticed 
till  noon  of  the  second  salicine  day  until  the  boy  had  taken  in  all  3v. 
of  the  medicine.  Between  one  and  two  we  noticed  that  his  face  was 
flushed  and  he  looked  dull,  and  that  there  was  some  tremor  when  his 
hand  was  held  out.  In  the  eveninor  the  tremors  were  more  marked. 

O 

At  5 a.m.  the  following  day  he  twice  vomited.  On  this  day  though 
he  had  discontinued  the  medicine  since  five  o’clock  the  previous 
evening,  his  symptoms  were  very  marked  and  for  the  most  part  of 
the  same  characters  as  in  the  other  lad, — namely  dulness,  so  that  he 
did  not  seem  very  well  to  understand  questions ; deafness ; tingling 
in  the  right  ear ; slight  tremor  of  the  lips  on  speaking  and  thick 
husky  voice;  breathing  rather  laboured;  trembling  of  hands  when 
held  out ; slight  spasmodic  movements  of  the  upper  limbs ; slight 
jerks  of  the  lower  limbs  when  they  are  raised  from  the  bed ; grasping 
power  weaker  than  before;  much  irritability  of  the  muscles  on  per- 
cussion ; but  strange  to  say  he  never  complained  of  headache  nor 
buzzing.  These  symptoms  were  at  their  height  at  midday,  and  were 
so  marked  and  the  pulse  and  respirations  so  quick,  that  we  must 
confess  we  felt  a little  relief  when  the  toxic  symptoms,  w^hich  became 
far  more  marked  than  we  had  expected,  abated,  not  that  at  any  time 
the  boy  was  dangerously  ill,  but  as  the  symptoms  progressed,  after 
discontinuing  the  medicine,  we  did  not  know  how  long  and  to  what 
degree  they  might  increase. 

Next  day,  that  is,  forty-one  hours  after  the  last  dose  of  medicine, 
he  was  still  deaf,  though  less  so,  and  was  dull  and  unless  spoken  to 
lay  with  his  eyes  half  closed,  and  very  often  fell  asleep.  Muscular 
irritability  had  diminished  and  the  hands  and  arms  trembled  when 
held  out : the  pulse  was  still  compressible.  Even  sixty-five  hours 
after  the  last  dose  he  was  still  dull,  rather  deaf,  and  there  was  slight 
tremor  of  the  hands  and  irritability  of  percussed  muscles. 

Next  day  he  had  quite  recovered.  We  tested  the  urine  fre- 
quently for  salicine  and  found  some  even  95  hours  after  the  last 
dose. 

In  our  third  series  of  observations  on  a lad  aged  ten,  and 
weighing  64  lbs.,  we  experimented  in  a somewhat  different  way. 
We  took  the  temperature  under  the  tongue  every  three  hours. 
For  three  days  we  administered  no  medicine  ; on  the  following 
twenty-six  days  we  gave  salicine  in  increasing  doses,  at  first  in 
20  grain  (80  grains  daily),  and  latterly  in  30  gr.  doses  several 
times  daily,  till  he  was  taking  in  divided  doses  180  grains  daily. 
The  boy  got  up  and  spent  the  day  about  the  ward. 

We  put  our  observations  into  the  following  table  : 
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Medicine. 

Maximum 
temperature 
of  day. 

Average  tem- 
perature of  day 
till  9 p.m. 

Average 

tm  12. 

Diurnal  varia- 
tion to  9 p.m. 

Diurnal  varia- 
tion to  12  p.m. 

Highest  pulse 
of  the  day. 

1st  day 

None 

99.2 

98.66 

1.1 

84 

2 

) y 

99 

98.64 

1.2 

80 

3 

y 9 

99 

98.6 

1.2 

84 

7th  day 

80  grs. 

99.1 

98.7 

1.1 

1.9 

88 

8 

9 9 

99.2 

98.8 

1.4 

96 

9 

9 9 

99.2 

98.7 

98.4 

1.4 

2.2 

92 

10 

99 

98.8 

98.3 

98.12 

1.0 

1.6 

88 

11 

120  grs. 

99.4 

98.8 

98.5 

1.3 

1.8 

92 

12 

99 

99.4 

98.86 

98.81 

1.3 

1.8 

96 

13 

9 9 

99.3 

98.96 

98.78 

0.9 

1.4 

100 

14 

100  grs. 

99.2 

98.6 

98.5 

1.0 

1.4 

96 

15 

120  grs. 

99.2 

98.62 

98.60 

1.0 

1.3 

16 

99 

99.3 

98.75 

98.62 

1.2 

1.4 

96 

17 

99 

99.4 

98.48 

98.32 

1.9 

2.2 

100 

18 

9 9 

98.8 

98.22 

98.05 

1.4 

1.6 

92 

19 

9 9 

99.3 

98.66 

98.51 

1.3 

1.5 

88 

20 

100  grs. 

99.2 

98.7 

98.5 

1.1 

1.7 

21 

150  grs. 

99.3 

99.06 

98.78 

1.1 

1.9 

88 

22 

99 

99.3 

98.81 

98.67 

0.6 

1.5 

92 

23 

9 9 

99.6 

98.94 

98.68 

1.5 

2.2 

96 

24 

9 9 

99.4 

98.88 

98.63 

1.9 

2.0 

25 

175  grs. 

99.2 

98.68 

98.41 

1.5 

2.2 

96 

26 

150  grs. 

99.2 

98.9 

98.73 

1.2 

1.8 

100 

27 

180  grs. 

99.3 

98.91 

98.71 

0.9 

1.8 

96 

28 

9 9 

99.5 

99.05 

98.82 

1.1 

2.0 

96  [bath 

29 

9 9 

100.2 

99.36 

99.1 

2.1 

2.7 

Had  hot  air 

30 

9 9 

99.5 

99.11 

98.91 

0.7 

1.8 

100 

31 

30  grs. 

99.4 

32 

None 

99.7 

98.84 

98.60 

1.7 

2.3 

100 

The  preceding  table  (and  charts  which  we  think  it  unneces- 
sary to  publish)  shows  that  these  large  doses  of  salicine  had  no 
appreciable  effect  on  the  temperature.  It  is  true  that  on  one 
day  the  temperature  rose  to  100° ; but  that  occurred  during  the 
use  of  the  hot  air  bath,  employed  to  produce  sweating,  that  we 
might  test  the  reaction  of  the  sweat ; on  the  other  hand  the 
pulse  was  a little  quickened.  On  the  fifth  day  of  taking  sali- 
cine he  complained  of  slight  deafness,  and  on  the  tenth  day  it 
is  noted  that  the  deafness  had  a little  increased,  but  two  days 
afterwards  it  had  disappeared.  Beyond  the  influence  on  the 
pulse  and  hearing,  the  medicine  produced  no  apparent  effects, 
the  boy  eating  well,  sleeping  well,  and  indeed  appearing  in  all 
respects  quite  well. 


CONCERNING  THE  ACTION  OF  CHLORIDE  OF  POTAS- 
SIUM ON  THE  NERVOUS  SYSTEM  OF  FROGS.  By 
Sydney  Ringer,  M.D.,  Professor  of  Therapeutics  at 
University  College;  and  William  Murrell,  M.R.C.P., 
Medical  Registrar  to  the  W estminster  Hospital. 

It  is  well  known  tliat  arrest  of  circulation  powerfully  affects 
the  nervous  system  of  frogs,  chiefly  through  depression  of  the 
spinal  cord.  The  phenomena  occur  in  a rather  peculiar  order. 
A few  minutes  after  the  arrest  of  the  circulation,  both  reflex 
and  voluntary  power  become  impaired ; the  loss  of  reflex  action 
increases  much  more  rapidly  than  the  loss  of  voluntary  power, 
so  that  in  a short  time  there  is  complete  loss  of  reflex  action, 
whilst  the  animal  still  retains  so  much  voluntary  power  that 
it  can  jump  vigorously.  At  this  time  sensation  is  greatly 
weakened,  or  even  destroyed — pinching  the  toes  exciting  no 
voluntary  movement.  The  loss  of  reflex  action  we  attribute  in 
part  to  the  loss  of  sensation,  the  impressions  not  being  conducted 
either  to  the  cord  or  brain. 

It  thus  appears  that  the  first  effect  of  arrest  of  circulation  is 
diminution  of  sensation,  with  slight  loss  of  voluntary  power,  the 
impairment  of  sensation  rapidly  increasing  and  becoming  com- 
plete, whilst  the  animal  still  has  considerable  voluntary  power, 
and  can  hop  and  crawl.  At  this  time  the  animal  lies  flat  on  the 
table,  the  legs  being  retained  in  any  position  they  are  placed, 
except  when  the  animal  ' voluntarily  moves.  Whilst  sensation 
diminishes  in  two  and  a half  minutes  and  is  lost  in  about  five, 
voluntary  power,  which  begins  to  grow  weak  in  about  four 
minutes,  is  lost  in  about  forty-nine  minutes. 

As  many  drugs  which  paralyse  the  nervous  system  of  frogs 
also  powerfully  depress  or  even  arrest  the  heart’s  action,  we 
thought  it  possible  that  they  might  expend  their  force  nob 
immediately  on  the  nervous  system,  but  by  arresting  the  cir- 
culation. 

Thus  all  potash  salts  produce  paralysis,  and  they  also  arrest 
the  heart’s  action.  We  therefore  commenced  an  investigation 
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to  ascertain  if  potash  salts  paralyse  through  their  effect  on  the 
heart,  or  by  their  direct  action  on  the  nervous  tissues,  or  by 
both  means. 

We  employed  a solution  of  chloride  of  potassium,  containing 
one  part  of  the  salt  to  six  of  water.  With  the  chloride  of 
potassium  we  poisoned  frogs,  and  carefully  watched  if  tlie 
symptoms  occurred  in  the  same  order  as  after  simple  arrest 
of  the  circulation  by  ligature  of  the  aorta.  We  noted  likewise 
whether  the  paralysis  came  on  sooner  than  from  arrest  of  the 
circulation,  and  when  the  paralysis  was  complete  we  examined 
the  web  with  the  microscope  to  ascertain  if  the  circulation  was 
stopped,  and  then  we  opened  the  thorax  to  see  if  the  heart’s  action 
was  arrested. 

We  soon  encountered  some  difficulties.  Thus  we  found  very 
different  effects  from  the  same  dose.  Tollowing  the  example  of 
other  observers,  and  giving  the  salt  by  the  mouth,  we  found  much 
difficulty  in  administering  it,  and  at  first  some  escaped  and  ran 
ovfer  the  animal.  It  then  occurred  to  us  that  this  difference  in 
the  effect  might  be  due  to  the  topical  action  of  the  drug,  so  we 
tried  the  effect  of  the  application  of  the  solution  to  one  hind  leg 
in  two  ways.  In  one  case  we  merely  brushed  the  limb  with  the 
solution ; in  another  we  wrapped  the  limb  for  some  minutes 
in  blotting  paper  steeped  in  the  solution,  taking  care  that  the 
fluid  did  not  come  in  contact  with  any  other  part  of  the  body. 
We  found  that  the  local  application,  especially  that  with  soaked 
bloating  paper,  completely  abolished  sensation,  the  animal 
remaining  quiescent,  manifesting  neither  reflex  action  nor  pain 
under  sharp  pinching  of  the  limb,  though  voluntary  power 
remained  quite  unaffected,  even  in  the  poisoned  limb,  the 
animal  using  both  hind  limbs  equally.  The  salt  must  therefore 
have  paralysed  the  terminations  of  the  afferent  nerves.  Some 
minutes  after  we  noticed  in  the  poisoned  anaesthetic  limb  a loss 
of  voluntary  power,  which  progressively  increased,  till  in  a few 
minutes  it  became  complete.  At  this  time  the  salt  must  have 
soaked  through  the  skin,  and  affected  either  the  motor  nerves  or 
the  muscles,  or  both.  Shortly  before  the  poisoned  leg  became 
completely  paralysed,  slight  general  paralysis  set  in,  and  this 
gradually  became  complete.  This  general  paralysis  must  be 
due  to  general  poisoning  through  absorption  by  the  blood-vessels. 
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The  affection  of  the  motor  nerves  or  muscles  proves  that  the 
chloride  has  no  especial  affinity  for  the  afferent  nerves,  but 
their  terminations  being  chiefly  in  the  skin,  they  become  earlier 
affected  than  the  more  deeply  seated  parts.  The  animal  seem^ed 
quite  well  again  after  some  hours,  all  the  paralysis  having 
disappeared,  proving  that  the  chloride  does  not  destroy  the 
structures,  but  only  suspends  their  function. 

It  is  evident,  therefore,  that  in  order  to  ascertain  the  effect  of 
the  drug  on  the  system,  we  must  administer  it  by  the  mouth, 
taking  care  that  none  escapes  over  the  skin. 

In  order  to  be  sure  that  none  escaped  from  the  mouth,  we 
passed  a tube  down  the  oesophagus,  a plan  not  without  diffi- 
culties, and  then  poured  the  solution  into  the  stomach. 

Having  thus  cleared  the  way  for  our  investigations,  we  next 
proceeded  to  ascertain  the  order  in  which  the  symptoms  set  in 
after  poisoning  with  chloride  of  potassium.  With  one  exception 
we  found  the  symptoms  occurred  in  the  same  order  as  after 
arrest  of  the  circulation.  Thus,  loss  of  sensation  and  reflex 
action  set  in  sooner  than  loss  of  voluntary  power,  and  indeed 
became  complete,  whilst  a very  considerable  amount  of  volun- 
tary power  remained,  so  that  an  animal  unable  to  feel,  and 
unsusceptible  to  the  excitation  of  any  reflex  action,  could  hop 
well  and  crawl. 

The  single  difference  just  referred  to,  between  the  effect  of 
arrest  of  circulation  and  poisoning  by  chloride  of  potassium,  is 
that  after  arrest  of  the  circulation  reflex  action  of  the  eyelids, 
that  is,  closing  of  the  eyelids  on  touching  the  ball  of  the  eye, 
continues  for  some  time  after  complete  loss  of  reflex  and  volun- 
tary action;  whilst  after  poisoning  by  chloride  of  potassium, 
this  reflex  action  disappears  early,  apparently  as  early  as  reflex 
action  in  other  parts  of  the  body. 

This  order  of  the  oncoming  of  the  phenomena  favours  the 
idea  that  chloride  of  potassium  acts  by  arresting  the  heart’s 
action. 

We  now  proceeded  to  compare  the  relative  time  that  chloride 
of  potassium  and  arrest  of  the  circulation  respectively  take  to 
manifest  their  effects,  and  throw  our  results,  the  averages  of 
welve  experiments,  ir.i'x)  the  following  table ; — 
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Egc  ets  of  Chloride  of  Potassium  adimnistered  by  the  Stomach. 

Reflex  Liction  and  Voluntary  power  Voluntary  power 

sensation  destroyed.  impaired.  destroyed. 

4'8  miuutes.  2'7  minutes.  33’1  minutes. 

Arrest  of  Circulation. 

5‘3  miimtes.  3*8  minutes.  49*  minutes. 

At  first  sight  it  might  seem  that  this  table  shows  also  that 
chloride  of  potassium  produces  its  paralysing  effects  by  arresting 
the  heart’s  action ; for  it  may  be  said  that  although  there  is  a 
difference  in  the  figures,  and  chloride  of  potassium  paralyses 
quicker  than  arrest  of  the  circulation,  yet  the  difference  is  not 
very  great.  But  it  must  be  recollected  that  the  chloride 
paralyses  the  heart  hut  gradually,  and  that  the  arrest  of  the 
circulation  therefore  takes  place  gradually,  hence  the  general 
paralysis  should  occur  some  time  later  instead  of  sooner  than 
after  simple  arrest  of  circulation,  and  we  conclude,  therefore, 
that  chloride  of  potassium  does  not  produce  its  paralysing  effect 
exclusively  through  its  action  on  the  heart,  a conclusion  con- 
firmed by  the  fact  that  the  loss  of  voluntary  power  becomes 
very  marked  much  sooner  after  chloride  of  potassium  than  after 
arrest  of  the  circulation.  Moreover,  we  find  that  with  chloride 
of  potassium  the  paralysis  is  sometimes  complete,  whilst  the 
circulation  in  the  web  is  pretty  active,  and  whilst  the  heart  still 
continues  to  beat,  though  languidly. 

We  conclude,  therefore,  that  the  paralysis  from  the  drug  is  not 
exclusively  due  to  its  action  on  the  heart, — not  exclusively,  for  it 
is  obvious  that  an  agent  which  greatly  weakens  the  heart  must 
in  some  degree  weaken  the  nervous  system.  The  production  of 
local  loss  of  sensation,  and  then  local  motor  paralysis,  by  the 
aj)plication  of  the  chloride  to  the  frog’s  leg,  clearly  shows  that  it 
acts  directly  on  the  nervous  system,  and  if  the  topical  applica- 
tion of  the  salt  can  produce  these  effects,  so  it  can  a fortiori 
when  conducted  to  the  nervous  structures  by  means  of  the  blood 
through  the  blood-vessels. 
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THE  INFLUENCE  ON  THE  AFFERENT  NERVES  OF 
THE  FROG’S  LEG  FROM  THE  LOCAL  APPLICATION 
OF  THE  CHLORIDES,  BROMIDES,  AND  IODIDES 
OF  POTASSIUM,  AMMONIUM,  AND  SODIUM.  By 
Sydney  Ringer,  M.D.,  Professor  of  Therapeutics  at  Uni- 
versity College;  and  E.  A.  Morshead,  M.R.C.S.,  L.R.C.P., 
Physieians'  Assistant  at  University  College  Hospital. 

In  the  previous  paper  we  described  the  effect  of  the  local 
application  of  a solutiou  of  chloride  of  potassium  to  the  leg  of  a 
frog.  We  have  shown  that  it  first  induces  complete  paralysis 
of  the  afferent  nerves  of  the  immersed  leg  ; next,  motor  paralysis 
of  the  leg,  with  some  general  weakness ; and  lastly,  complete 
general  paralysis,  and  that  from  all  these  effects  the  animal  in  a 
few  hours  often  recovers.  In  the  present  paper,  in  following  up 
this  subject,  we  have  compared  the  effect  of  potassium  with  the 
effects  induced  by  the  corresponding  ammonium  and  sodium 
salts,  and  we  have  likewise  compared  the  action  of  various 
potassium  salts  with  one  another. 

Both  Guttmann  and  Podocaepow  find  that  the  injection  of 
potash  salts  produces  in  frogs  complete  general  paralysis,  and 
arrest  of  the  heart  in  diastole.  Guttmann  found,  too,  that  potash 
salts  are  far  more  poisonous  than  soda  salts — that  potash  salts 
are  equally  poisonous  and  equally  fatal  in  the  same  space  of 
time,  if  given  in  the  same  way,  and  that  therefore  the  acid  of 
the  salt  plays  no  part  in  the  fatal  result.  Guttmann’s  experi- 
ments lead  him  to  conclude  that  potash  salts  poison  by  their 
action  on  the  spinal  cord,  the  posterior  part  being  affected 
before  the  anterior,  and  that  the  muscles  and  nerves  are  un- 
affected, whilst  Podocaepow  attributes  the  paralysis  to  the  action 
of  the  potash  on  the  muscles.  Our  experiments,  though  not 
designed  to  test  the  effect  on  the  cord,  yet  certainly  show  that 
potash  salts  affect  the  terminations  of  the  afferent  nerves,  and 
the  motor  nerves  or  muscles ; for,  as  we  have  seen,  under  the 
external  application  of  the  salt,  impressions  are  not  conducted  to 
the  cord  or  brain,  the  animal  still  retaining  voluntary  power, 
and  after  a time  the  poisoned  leg  becomes  paralysed,  a,  pheno- 
menon which  must  be  due  either  to  the  action  of  the  salt  on  the 
motor  nerve  or  muscles,  or  on  both. 

We  enclosed  the  frog  in  a wet  cloth,  and  passed  the  left  leg 
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through  a hole  in  the  cloth,  and  immersed  this  member  in  the 
solution,  in  one  set  of  experiments,  for  thirty  seconds,  in  another, 
for  two  minutes.  Then  we  wiped  the  leg  free  from  any  of  the 
solution,  thus  taking  care  that  the  solution  came  in  contact  only 
with  the  left  leg. 

The  effect  on  sensation  we  tested  every  few  minutes,  pinching 
the  toes,  and  by  extending  by  one  toe,  first  the  poisoned  and  then 
the  opposite  leg  with  a pair  of  forceps.  By  this  means  we  could 
detect  even  slight  paralysis,  and  when  the  poisoned  leg  could  be 
extended  from  the  body,  and  the  toes,  foot,  or  leg  pinched  with- 
out causing  retraction  of  the  leg  on  the  trunk,  or  exciting 
voluntary  movement,  though  the  voluntary  power  of  the  leg 
remained  intact,  we  concluded  that  the  terminations  of  the 
afferent  nerves  were  paralysed,  and  that  no  impressions  were 
conveyed  to  the  cord  or  brain.  When  the  afferent  nerves  were 
only  blunted,  their  functions  being  only  in  abeyance,  we  found 
that  the  immersed  leg  could  be  much  more  easily  extended  (there 
being  much  less  resistance),  and  would  then  remain  extended, 
whilst  a harder  pinch  was  necessary  to  excite  voluntary  move- 
ment than  was  required  in  the  other  leg. 

We  always  used  a solution  containing  one  part  of  chloride  of 
potassium  in  six  of  water,  being  the  strength  employed  by 
Podocaepow.  In  our  preliminary  investigations  we  found  that 
by  immersion  of  the  leg  in  the  same  solution  for  the  same  space 
of  time  we  obtained  different  results;  thus,  whilst  in  some  frogs 
the  effect  was  limited  to  paralysis  of  the  afferent  nerves,  in 
some  the  immersed  leg  became  paralysed,  and  in  others  the 
whole  animal  became  paralysed,  these  varying  results  depending 
on  the  amount  of  the  solution  absorbed  by  different  frogs.  To 
prevent  absorption  as  far  as  possible  we  kept  our  frogs  in  water, 
to  maintain  the  repletion  of  the  vascular  system,  as  we  required 
only  to  elicit  the  local  effects  on  the  afferent  nerves,  and  then 
we  found  our  results  were  more  uniform,  and  usually  accom- 
panied with  but  little  general  or  local  paralysis  of  motion. 

We  first  tested  the  comparative  effects  of  chloride  of  potassium, 
chloride  of  ammonium,  and  chloride  of  sodium,  performing  two 
sets  of  experiments,  in  the  first  immersing  the  leg  for  thirty 
seconds,  in  the  second,  for  two  minutes. 

We  put  our  results  in  the  following  table: — 
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The  preceding  tables  lead  to  the  conclusion  that  the  action  of 
these  three  salts  differs  only  in  degree,  chloride  of  potassium 
having  the  greatest  effect,  next  chloride  of  ammonium,  and 
last,  chloride  of  sodium.  In  the  experiments  where  the  immer- 
sion lasted  only  thirty  seconds,  it  is  true  that  chloride  of  sodium 
produced  no  effect,  but  the  two  minutes’  immersion  produced  a 
very  decided,  though  very  transient,  effect. 

In  the  following  tables  we  now  give  the  average  results  ob- 
tained from  the  preceding  tables  : — 

Effect  of  Thirty  Seconds’  Immersion. 

Loss  of  sensation  lasted. 

Chloride  of  potassium,  ....  59‘8  min. 

Chloride  of  ammonium,  ....  22'5  „ 

Chloride  of  sodium,  . . , . .No  effect. 

Effect  of  Two  Minutes’  Immersion. 

Chloride  of  potassium,  ....  117'0  min. 

: Chloride  of  ammonium,  ....  41*5  „ 

Chloride  of  sodium,  .....  16*6  ,, 

It  will  be  noticed  that  in  the  case  of  chloride  of  potassium 
and  chloride  of  ammonium  two  minutes’  immersion  caused  para- 
lysis lasting  just  double  the  time  that  followed  thirty  seconds’ 
immersion.  In  all  these  experiments  some  of  the  salt  appears 
to  have  been  absorbed  into  the  general  circulation,  for  in  most 
of  the  experiments  we  produced  general  weakness  in  addition 
to  loss  of  sensation  in  the  immersed  leg.  This  general  weakness 
occurred  in  all  the  potash  and  ammonium  frogs  after  thirty 
seconds’  immersion,  the  effect  being  greater  from  chloride  cf 
potassium  than  from  chloride  of  ammonium.  The  frogs  treated 
with  chloride  of  sodium  were  unaffected.  After  two  minutes’ 
immersion,  strange  to  say,  the  effects  were  different.  Thus 
chloride  of  potassium  caused  no  greater  general  paralysis  than 
, after  only  thirty  seconds’  immersion,  and  the  chloride  of 
ammonium  produced  no  general  weakness,  whilst  in  three  of  the 
chloride  of  sodium  frogs  there  occurred  general  weakness,  though 
of  very  short  duration,  suddenly  disappearing  in  about  two  to 
three  minutes,  the  animal  almost  at  once  regaining  full  volun- 
tary power ; the  complete  paralysis  of  the  immersed  leg  passing 
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off  at  the  same  time  and  equally  suddenly,  though  some  para- 
lysis of  sensation  remained  for  some  minutes  longer.  The  effect  on 
sensation  was  always  manifested  immediately  after  the  process 
of  immersion,  and  witli  one  exception,  in  the  thirty-second  series, 
after  chloride  of  potassium  the  effect  on  sensation  was  at  its 
height  immediately  after.  After  chloride  of  ammonium  tlie 
greatest  effect  did  not  occur,  with  one  exception,  so  soon,  being 
at  its  height  on  an  average  in  3'5  minutes  after  immersion.  In 
the  two  minutes’  series  of  observations,  in  every  case,  with 
chloride  of  potassium  and  chloride  of  ammonium  respectively,  the 
effect  was  at  its  height  immediately  after  immersion,  and  the 
paralysis  was  complete ; whilst  with  chloride  of  sodium  the  loss 
of  sensation  was  complete  in  three  instances,  distinct  in  one, 
slight  in  one,  and  absent  in  one,  and,  as  in  the  case  of  the 
potassium  and  ammonium  salts,  the  loss  was  at  its  height 
immediately  on  removing  the  leg  from  the  solution. 

An  inspection  of  the  subjoined  table  will,  we  think,  justify  our 
conclusion  that  the  difference  in  the  local  action  manifested  by 
each  of  these  three  salts  is  one  only  of  degree. 


Potash  Solution  for  Thirty  Seconds. 


Date. 

Loss  of  Sensation 
in  Immersed  Leg. 

Paralysis  of  Immersed 
Leg. 

Degree. 

Begun 
to  Im- 
prove. 

Degree. 

Begun 
to  Im- 
prove. 

Recov- 

ered. 

Min. 

Min. 

Min. 

Mar. 

8 

Complete  general 

None. 

• . • 

« • • 

paralysis. 

>> 

19 

Complete. 

27 

y y 

• « • 

• • • 

y 

19 

yy 

65 

Complete. 

14 

• • « 

>> 

19 

y 

26 

Distinct. 

• • • 

yy 

20 

y y 

18 

None. 

• • • 

yy 

20 

y y 

32 

yy 

• • • 

... 

yy 

20 

26 

yy 

... 

... 

32-3 

Chloride  of  Ammonium — Thirty  Seconds. 


Mar.  21 

Complete. 

9 

None. 

„ 21 

yy 

20 

Slight. 

4 

„ 21 

Nearly  ,, 

3 

None. 

„ 21 

Complete. 

•5 

yy 

... 

„ 21 

yy 

12 

yy 

• • • 

„ 21 

yy 

11 

yy 

... 

10 
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Chloride  of  Potassium — Two  Minuted  Immersion. 


Loss  of  Sensation 
in  Immersed  Leg. 

Paralysis  of  Immersed 
Leg. 

Date. 

Degree. 

Begun 
to  Im- 
prove. 

Degree. 

Begun 
to  Im- 
prove. 

Recov- 

ered. 

Mar.  23 

Complete. 

Min. 

90 

None. 

Min. 

Min. 

„ 23 

>5 

174 

Slight. 

144 

... 

„ 23 

>> 

82 

None. 

„ 24 

20 

... 

„ 24 

25 

5 > 

... 

„ 24 

” 

99 

Marked. 

54 

... 

81 -6  i 

Chloride  of  Ammonium — Two  Minuted  Immersion. 


Mar.  26 

Complete. 

11 

None. 

„ 26 

> 

12 

/ 

> 

... 

„ 26 

14 

J > 

.. 

27 

?? 

25 

> y 

... 

„ 27 

9 

j j 

..  27 

> > 

10 

?? 

... 

13-5 

Chloride  of  Sodium — Two  Minuted  Immersion. 


Mar.  27 

Complete. 

8 

Complete. 

few  sec 

3 

„ 27 

Slight. 

3 

None. 

... 

... 

„ 29 

Distinct. 

5 

„ 29 

Complete. 

2 

Complete. 

30  sec. 

2 

„ 29 

None. 

• • • 

None. 

... 

„ 29 

Complete. 

3 

Complete. 

1 min. 

3 

3-5 

The  difference  in  the  degree  of  sensation  in  the  immersed  leg 
is  shown  in  another  way ; thus  sensation  began  to  return  much 
sooner  after  the  chloride  of  ammonium,  and  still  sooner  after  the 
chloride  of  sodium,  than  would  have  been  expected  from  the 
time  the  loss  of  sensation  continued.  The  following  evidence, 
extracted  from  the  preceding  tables,  exemplifies  this : — 


Immersion. 

Loss  of  Sensation 
Lasted. 

Begun  to 
Improve. 

Chloride  of  Potassium,  . . 

,,  Ammonium,  . . 

30  seconds, 

Minutes. 

59-8 

Minutes. 

32-3 

>> 

22-5 

10 

,,  Potassium,  . . 

2 minutes. 

117 

81-6 

,,  Ammonium,  . . 

41 

13-5 

,,  Sodium,  . . . 

) J 

16-6 

3-5 
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Thus  though  chloride  of  sodium  paralysed  sensation  in  the 
immersed  leg,  the  paralysis  lasted  a far  shorter  time  than  that 
following  potash,  potash  paralysing  about  seven  times  longer 
than  sodium.  But  the  recovery  from  complete  sodium  paralysis 
is  much  quicker  than  that  from  potash;  thus  after  sodium, 
sensation  began  to  return  nine  times  earlier  than  after  potash. 
Thou£[h  after  immersion  in  the  chloride  of  sodium  for  two 
minutes  there  was  complete  sensory  paralysis,  yet  sensation  very 
promptly  began  to  return,  though  a very  slight  diminution  of 
it  remained  for  some  time  afterwards. 

Strange  to  say,  the  chloride  of  sodium  produced  a far  greater 
degree  of  motor  paralysis  than  the  chloride  of  potassium  or 
ammonium.  Thus  in  the  two  minutes’  experiments  chloride 
of  potassium  caused  slight  loss  of  power  in  1 frog,  marked  loss 
of  power  in  1 frog,  no  loss  of  power  in  4 frogs. 

In  six  experiments  no  loss  of  power  occurred  in  the  leg 
immersed  in  solution  of  chloride  of  ammonium ; whilst  after 
chloride  of  sodium  the  loss  of  power  was  complete  in  3 frogs, 
and  there  was  no  loss  in  3. 

But  whilst  the  degree  of  motor  paralysis  in  the  immersed  leg 
was  far  greater  with  chloride  of  sodium  than  with  either  of  the 
other  two  salts,  the  paralysis  was  much  more  enduring  after 
potash.  Thus  after  immersion  in  the  potash  solution  the  loss  of 
power  only  begun  to  be  restored  in  144  and  54  minutes  respec- 
tively ; whilst  after  chloride  of  sodium  immersion  improvement 
began  in  a few  seconds,  and  ia  3,  2,  and  3 minutes  respectively 
there  was  complete  restoration. 

We  next  performed  a corresponding  series  of  experiments 
with  bromide  of  potassium,  bromide  of  ammonium,  and  bromide 
of  sodium 

We  now  give  a summary  of  our  conclusions  with  respect  to 
the  action  of  these  salts  in  the  following  tables : — 
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Bromide  of  Potassium. — Solution  1 in  6. — Leg  Immersed  Thirty  Seconds. 
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The  results  from  this  series  of  experiments  with  bromides  are 
very  similar  to  those  obtained  from  chlorides.  Thus  we  find  that 
the  difference  between  bromide  of  potassium,  bromide  of  am- 
monium, and  bromide  of  sodium,  is  for  the  most  part  one  of  degree, 
for  each  produced  loss  of  sensation  in  the  immersed  leg ; and 
as  in  the  case  of  the  corresponding  chlorides,  the  potassium  is 
the  most  powerful  paralyser  ; ammonium  salt  comes  next,  and  the 
sodium  is  the  weakest,  inducing,  in  thirty  seconds,  very  little 
diminution  of  sensation,  but  a more  decided  loss  after  two 
minutes’  immersion. 

Whilst  in  each  instance  the  effects  on  the  sensation  of  the  im- 
mersed leg,  after  thirty  seconds,  differs  considerably  from  those 
occurring  in  the  chloride  series,  yet  after  two  minutes’  immersion 
the  results  are  very  similar  in  both  series  of  salts. 

In  the  following  tables  we  give  the  average  results  after 
immersion  with  the  two  series  of  salts  : — 


Time  Sensation  Remained  Impaired  in  the  Leg  after  Thirty 

Seconds’  Immersion. 


Potassium, 
Ammonium,  . 
Sodium. . 


Bromide.  Chloride. 
10  min.  59*8  min. 

. 6-6  „ 22-5  „ 

3'3  „ No  effect. 


After 
Potassium, 
Ammonium,  . 
Sodium, . 


Two  Minutes’  Immen^sion. 

. 135  min. 

. 53 

. . 6'6 


117  min 
41 
16*6 


w 


In  this  table  we  have  stated  that  the  bromide  of  sodium 
immersion,  after  thirty  minutes,  produced  paralysis  of  the  leg, 
lasting  on  an  average  3 '3  minutes  ; but  we  are  bound  to  state 
that  in  three  of  the  six  experiments  there  was  no  paralysis, 
in  two  it  was  doubtful,  and  in  one  it  was  very  slight ; indeed,  so 
slight  that  we  could  not  ascertain  clearly  how  long  it  lasted, 
and  hence  this  division  of  the  table  is  of  little  value. 

In  the  two  minutes’  immersion  experiments  the  bromide  of 
potassium  produced  in  five  of  the  six  frogs  general  loss  of 
power,  slight  in  three,  and  almost  complete  in  two,  and  in  these 
it  persisted  over  two  hours. 
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With  bromide  of  sodium  we  also  obtained  results  identical 
with  those  occurring  after  the  two  minutes’  immersion  in  the 
chloride  of  sodium  solution ; thus  on  withdrawing  the  immersed 
leg,  and  laying  the  animal  on  its  back,  it  remained  in  this  posi- 
tion, and  superadded  to  this  general  weakness,  there  was  complete 
paralysis  of  the  immersed  leg.  This  general  weakness  and  com- 
plete paralysis  of  the  immersed  leg  entirely  disappeared  on  an 
average  of  1*6  minutes,  the  animal  hopping  as  vigorously  as  ever, 
and  using  both  hind  legs  equally  well.  These  effects  occurred 
only  with  three  of  the  chloride  of  sodium  frogs,  but  in  all  six 
of  the  bromide  of  sodium. 

We  next  proceeded  to  test  in  the  same  way  as  heretofore  the 
effect  of  iodide  of  potassium,  ammonium,  and  sodium,  and  we 
give  the  results  in  the  accompanying  tables : — 


Iodide  of  Potassium. — Leg  Immersed  Two  Minutes. 
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We  produced  far  more  decided  local  effects  with  iodide  of 
potassium  thau  with  the  other  potassium  salts.  Thus  with 
this  agent  in  every  case  some  motor  paralysis  occurred  in  the 
immersed  leg,  slight  in  two  cases,  decided  in  one,  complete  in 
three,  and  this  paralysis  or  weakness  lasted,  on  an  average  of 
three  cases,  25*6  minutes.  The  leg,  too,  was  more  affected  in 
other  ways  ; thus  the  tissues  looked  rather  swollen,  and  the  leg- 
seemed  stiff. 

We  give  the  results  of  our  observations  in  the  following- 
table: — 


Duration  of  loss  of  sensation  after  two  minutes’  immersion — 

Chloride. 

Potassium,  117  min. 

Ammonium,  41  „ 

Sodium,  16  „ 

Iodide  of  sodium  produces  the  same  effects  as  the  other  soda 
salt — peculiar  effects,  quite  different  from  those  following  the 
administration  of  potassium  and  ammonium  salts.  Thus  in  three 
of  six  experiments,  on  removing  the  animals  from  the  solution, 
we  found  considerable,  indeed  almost  complete,  general  paralysis, 
both  voluntary  and  reflex,  whilst  in  the  immersed  leg  itself 
each  form  of  paralysis  was  complete,  the  animal  when  laid  on  its 
back  remaining  in  this  posture.  This  paralysis  very  suddenly, 
in  from  one  to  two  minutes,  passed  off ; and  the  paralysis,  too, 
of  voluntary  power  in  the  paralysed  leg  disappeared  at  the  same 
time,  though  paralysis  of  sensation  remained  a few  minutes  . 
longer. 

Our  observations,  then,  lead  us  to  the  following  conclusion: — 
That  the  local  application  of  chlorides,  bromides,  and  iodides  of 
potassium,  ammonium,  and  sodium  paralyse  the  terminations  of 
the  afferent  nerves ; that  the  potash  salts  are  far  more  powerful 
in  this  respect  than  the  ammonium,  and  the  ammonium  than 
the  sodium ; the  effect  of  the  potassium  salts  lasting-  three  to 
four  times  longer  than  the  effects  of  the  ammonium,  and  twenty 
to  fifty  times  longer  than  the  effects  of  the  sodium. 

Hence  the  effect  on  the  afferent  nerves  depends  chiefly  on 
the  base  and  not  on  the  acid.  Nevertheless,  the  paralysing 


Bromide. 
135  min. 
53 
6 


Iodide. 
190  min. 
59 
4 
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effect  does  not  wholly  depend  on  the  potassium,  as  is  the  case  when 
these  salts  are  administered  by  the  mouth  or  hypodermically; 
for  our  experiments  show  that,  applied  in  the  way  previously 
described,  the  loss  of  sensation  lasts  longer  with  bromide  than 
with  the  chloride,  and  nearly  twice  longer  with  the  iodide  than 
with  the  chloride  of  potassium.  Now,  if  the  paralysis  depends 
entirely  on  the  potassium,  the  loss  of  sensation  should  endure 
longest  with  the  chloride,  for  this  salt  contains  about  half  as 
much  again  of  potassium  as  the  bromide,  and  about  twice  as 
much  as  the  iodide. 

It  occurred  to  us  that  this  paralysing  action  of  potash  salts  on 
the  sensory  nerves  of  frogs  might  perhaps  elucidate  the  soothing 
effects  of  liquor  potassae  and  carbonate  of  potash  in  certain 
painful  affections  of  the  stomach ; and  like  their  action  on  the 
frog’s  leg,  they  might  paralyse  the  ends  of  the  sensory  nerves, 
and  thus  allay  pain.  We  five  times  performed  the  following 
experiment  to  test  whether  potassium  salts  would  diminish  or 
abolish  sensation  in  mucous  membranes.  We  soaked  a piece  of 
lint  in  a solution  of  chloride  of  potassium  (1  in  4),  and  applied 
it  to  one-half  of  the  inner  surface  of  the  lower  lip,  making  the 
animal  lie  on  the  same  side,  so  that  the  solution  should  not 
trickle  over  to  the  other  side  of  the  lip ; and  we  exposed  the 
mucous  membrane  to  the  action  of  the  chloride  for  a period 
varying  from  live  minutes  to  half  an  hour.  In  one  case,  perhaps, 
there  was  very  slight  diminution  of  sensation,  but  in  the  remain- 
ing four  cases  the  potassium  certainly  failed  to  diminish  sensa- 
tion. We  may  perhaps  venture  to  suggest  that  potash  salts 
would  manifest  no  greater  effect  on  the  mucous  membrane  of 
the  mouth. 
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ON  THE  EFFECT  OF  THE  CHLOEIDES,  BEOMIDES,  AND 
IODIDES  OF  POTASSIUM  AND  SODIUM  ON  FEOGS. 
By  Sydney  Einger,  M.D.,  Professor  of  Therajpeutics  at  Uni- 
versity College;  and  E.  A.  Morshead,  M.E.C.S.,  L.E.C.P., 
Physicians  Assistant  at  University  College  Hospntal. 

We  have  already  seen  that  chloride  of  potassium  first  paralyses 
sensation  and  destroys  reflex  action,  in  part  at  least  by  its 
action  on  the  afferent  nerves,  whilst  a considerable  amount 
of  voluntary  action  remains,  so  that  an  animal  destitute  of 
sensation  and  insusceptible  of  reflex  action  can  still  hop  pretty 
vigorously.  From  the  investigations  of  numerous  writers  it 
appears  that  bromide  of  potassium  acts  in  much  the  same  way  as 
chloride  of  potassium.  Thus,  after  some  excitement,  there 
follows  “ great  muscular  relaxation  and  total  abolition  of  reflex 
action.  Voluntary  movements,  however,  often  occur  during  this 
period,  and  the  frog,  which  has  been  lying  limp  and  apparently 
dead,  will  startle  the  observer  by  a sudden  vigorous  leap  ” 
(Wood’s  Therajpeutics). 

In  this  paper  we  propose  to  ascertain  whether  other  potash 
salts  produce  the  same  effects  in  the  same  order,  and  we  have 
therefore  made  a series  of  observations  on  chloride,  bromide, 
and  iodide  of  potassium.  We  have  also  made  a series  of  obser- 
vations on  the  corresponding  sodium  salts,  in  order  to  compare 
their  effects  with  those  of  the  potassium  salts,  chiefly  with  the 
view  to  ascertain  whether  and  to  what  extent  the  eflfects  on  the 
nervous  system  of  frogs  following  the  administration  of  bromide 
of  potassium  are  due  to  that  salt  or  depend  on  the  potash 
element.  Guttmann’s  careful  experiments  show  that  all  potash 
salts  produce  identical  effects,  which  are  all  due  to  the  potash, 
uninfluenced  by  the  acid  in  combination  with  it.  In  our  obser- 
vations the  effects  of  chloride  of  potassium  were  so  similar  to 
tlie  effects  described  as  following  the  administration  of  bromide 
of  potassium,  that  we  were  led  to  expect  that  they  were  due  to 
the  potash,  and  were  in  no  way  influenced  by  the  bromide 
combined  with  it ; and  this  supposition  turned  out  to  be  correct. 

This  was  our  mode  of  procedure  : — We  employed  a solution 
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containing  one  part  of  salt  in  six  of  water,  and  injected  a 
portion  of  this  into  the  connective  tissue  of  the  axilla,  or  close 
to  that  region,  and  then  noted  the  effect  every  few  minutes  for 
the  first  two  hours,  afterwards  at  longer  intervals. 

Before  describing  the  general  effects,  we  may  here  state  that  in 
most  of  the  experiments  with  the  potash  salts  we  produced 
certain  local  effects  already  noticed  by  other  observers.  Thus  in 
some  cases  both  the  anterior  limbs,  in  other  instances  only  the 
limb  into  the  axilla  of  which  the  injection  was  made,  became 
immediately  paralysed,  often  completely  so. 

We  will  first  point  out  a condition  of  the  frog  under  experi- 
ment,— a condition  which  comes  on  quickly  and  lasts  a very  brief 
space, — a condition  which  ensues  on  the  injection  of  either  the 
potassium  or  sodium  salts.  Immediately  after  the  injection 
the  animal  for  a few  seconds  jumped  about  vigorously,  and  then 
passed  into  a rather  peculiar  state,  not  unfrequent  indeed  after 
the  injection  of  other  substances.  Thus  the  frog  appeared  to  be 
completely  paralysed  in  regard  to  both  motion  and  sensation; 
for  when  placed  on  its  back  it  made  no  effort  to  regain  its 
natural  position,  when  pinched  it  did  not  move,  nor  did  pinching 
excite  any  reflex  act,  though  in  most  cases  the  legs  when 
extended  were  withdrawn  on  the  body,  but  not  nearly  so  vigor- 
ously as  in  a normal  frog.  In  one  minute  to  five  minutes — 
generally  in  two — this  condition  passed  away  suddenly,  simul- 
taneously with  the  instant  and  complete  restoration  of  voluntary 
power  after  the  sodium  salts ; though,  after  the  potassium  salts, 
sensation,  and  probably  reflex  action  (unless  the  weakness  in 
this  function  was  due  to  depression  of  the  afferent  nerves), 
remained  weak  for  a few  minutes  longer.  In  some  cases  the 
animal  never  regained  entire  voluntary  power,  though  it  could 
hop  pretty  well. 

To  what  is  this  transient  condition  due  ? To  shock  ? The 
animal  assumed  the  appearance  of  a much  frightened  frog, 
pulling  its  forelegs  over  its  head.  Against  this  supposition  we 
may  urge  that  in  our  immersion  experiments,  described  in  an 
earlier  paper,  this  condition  almost  always  followed  an  experi- 
ment with  sodium  solutions,  but  not,  except  in  very  few 
instances,  was  absent  with  potassium  and  ammonium  solutions. 
Were  it  due  to  shock,  we  should  expect  tliat  the  condition  in  ques- 
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tioii  would  certainly  ensue  after  tire  more  powerful  potassium 
and  ammouium  solutions. 

To  ascertain  if  any  of  the  effect,  and  if  so,  how  much,  is  due  to 
fright  or  shock,  we  performed  the  following  experiments : — 
Under  the  skin  of  three  frogs,  into  the  connective  tissue  of  the 
axilla,  we  injected  3,  4,  and  6 minims  respectively  of  pure 
water  without  producing  any  result.  Still  it  seemed  possible, 
though  the  water  was  inoperative,  that  a saline  solution  might 
produce  cerebral  shock,  so  we  pithed  and  pegged  the  frog,  that 
is,  we  divided  the  spinal  cord  opposite  the  occipito-atlantal 
membrane,  and  passed  a peg  of  wood  into  the  cavity  of  the  skull, 
to  destroy  the  brain,  and  to  prevent  hsemorrhage.  Then  when 
the  effect  of  the  shock  had  passed  away,  and  the  reflex  action 
had  returned,  we  admininistered  the  injection,  and  noted  the 
effects  every  minute.  In  six  frogs  thus  prepared  we  injected 
into  each  a potash  solution,  using  respectively  3 to  6 minims, 
into  the  axilla  in  each  instance,  with  one  exception,  and  in 
that  under  the  skin  of  the  abdomen.  In  three  of  these  we 
failed  to  produce  the  primary  transient  effect ; in  the  other 
three  we  thought  that  soon  after  the  injection  the  reflex  action 
declined  and  then  in  a few  minutes  returned,  but  the  loss, 
if  any,  was  so  slight  that  we  do  not  feel  by  any  means  sure 
if  the  solution  produced  any  effect  on  the  spinal  cord ; and  we 
must  confess  that  we  have  been  unable  to  satisfy  ourselves  as 
to  the  true  nature  of  the  primary  passing  symptoms  occurring 
a few  seconds  after  these  saline  injections. 

Being  unable  to  speak  positively  of  the  nature  of  the  pheno- 
mena in  question,  we  have  included  them  in  the  tables  giving 
the  results  of  the  sodium  solutions.  If  these  early  phenomena 
are  put  down  to  shock,  this  will  show  still  more  strongly  how 
widely  different  are  the  effects  of  potassium  from  those  of  sodium 
salts ; for  subtracting  shock  the  direct  effects  of  the  sodium  salts 
are  nearly  nil. 

We  shall  now  give  a general  description,  first  of  the  action  of 
the  potash  and  then  of  the  sodium  salts,  premising  that  these 
three  potash  salts  produced  the  same  symptoms  and  in  the  same 
order,  but  that  the  effects  progressed  more  rapidly  with  the 
chloride  than  with  the  bromide,  and  with  the  bromide  than  with 
the  iodide.  With  these  three  potassium  salts,  after  recovery  from 
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the  early  condition  just  described,  that  is,  on  the  complete  or 
almost  complete  restoration  of  voluntary  power,  there  was,  with 
two  exceptions,  considerable,  and  in  some  instances  complete, 
loss  of  sensation.  Thus  pinching  a toe  excited  either  no 
voluntary  movement,  or  the  limb  responded  only  to  firm  and 
repeated  pinching,  though  the  animal  at  this  time  retained 
complete  or  almost  complete  voluntary  power.  Like  sensation, 
reflex  action  was  either  much  diminished  or  abolished.  In  five 
to  ten  minutes  general  weakness  of  voluntary  power  set  in  and 
steadily  progressed,  becoming  at  last  complete.  Long  before 
this  stage  was  reached  the  animal  lay  still,  as  if  dead,  incapable 
of  being  roused  by  pinching,  though  it  would  frequently  hop  or 
crawl  vigorously. 

The  early  loss  of  reflex  power  can  be  explained  by  the  effect 
on  the  afferent  nerves,  which  were  certainly  implicated:  for 
pinching  excited  either  no  voluntary  movement,  or  strong 
pinching  was  required  to  provoke  it,  though  probably  the  cord 
is  also  paralysed.  But  as  our  object  is  not  to  ascertain  the 
effects  on  the  cord,  we  have  not  pursued  this  subject ; for, 
indeed,  this  is  not  needed  after  Guttmann  s careful  experiments, 
which  prove  that  potassium  salts  paralyse  by  their  action  on  the 
cord.  We  are,  however,  strongly  inclined  to  attribute  the  loss  of 
reflex  action  occurring  before  great  loss  of  voluntary  power  rather 
to  the  influence  on  the  afferent  nerves  than  to  the  effect  on  the 
cord,  as  it  is  probable  that  were  the  cord  paralysed  as  to  reflex 
action,  it  would  be  likewise  paralysed  as  to  voluntary  power.  Even 
where  sensation  persisted  for  some  time  after  the  injection,  the 
greater  part  of  this  sensation  was  immediately  lost ; for,  as  we 
have  said,  it  required  firm  and  repeated  pinching  to  excite  volun- 
tary action.  In  two  instances,  after  iodide  of  potassium,  slight 
sensation  was  retained  till  nearly  the  complete  loss  of  voluntary 
power. 

We  next  give  a general  account  of  the  action  of  these  three 
sodium  salts. 

After  the  injection  of  a sodium  salt,  the  early  primary 
condition  described  included  nearly  all  its  effects.  Thus  in 
two  to  five  minutes  the  animal  begun  to  recover,  and  then  in 
a few  seconds  it  completely  regained  voluntary  power,  but  loss 
of  sensation  continued  a few  minutes  longer,  shown  by  the  fact 
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that  pinching  did  not  so  readily  excite  voluntary  movement  as 
when  the  effects  of  the  drug  had  passed  away.  Whilst  this  loss 
of  sensation  continued  reflex  action  was  also  weak,  due,  we  main- 
tain, at  least  in  part,  and  probably  entirely,  to  the  effect  on  the 
afferent  nerves,  though  possibly  also  to  the  action  of  the  salt  on 
the  cord.  Some  portion  of  the  action,  however,  must  be  due  to  the 
effect  on  the  afferent  nerves,  for  if  these  are  weakened  in  respect 
to  the  conduction  of  sensation  to  the  brain,  they  must  be  also 
weakened  in  respect  to  the  conduction  of  impressions  to  the 
cord  if,  as  is  generally  held,  the  same  fibres  conduct  impressions 
to  both  cord  and  brain. 

We  now  give  our  results  in  the  following  tables: — 


Chloride  of  Potassium. 
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We  first  draw  atteiitioii  by  the  very  marked  difference  between 
the  effects  of  potassium  and  sodium  salts.  The  difference  in 
degree  between  the  action  of  the  two  sets  of  salts  is  so  great  as 
hardly  to  admit  of  comparison.  Thus  the  total  effect  of  sodium 
salt  was  very  slight,  and  in  the  main  corresponded  to  the  pri- 
mary transient  effect  induced  by  potassium  salts. 

We  append  in  the  following  table  the  average  of  our  obser- 
vations with  sodium  salts  : — 


Loss  of  Sensation 
begun  to  Return. 

Loss  of  Sensation 
Lasted. 

Voluntary  Power 
completelyRestored 

Chloride  of  Sodium 

5 ’2  minutes 

11  minutes 

2 '5  minutes 

Bromide  of  Sodium 

3 minutes 

4 ‘8  minutes 

2 '2  minutes 

Iodide  of  Sodium 

5 minutes 

]2‘8  minutes 

2 ‘6  minutes 

Far  more  powerful  effects  were  produced  with  the  correspond- 
ing potassium  salts.  Thus  in  by  far  the  larger  proportion  of  our 
observations  there  occurred  immediate  loss  of  sensation,  which 
increased  and  became  complete  in  a very  variable  time.  General 
weakness  soon  set  in,  and  steadily  progressed  till  it  became 
complete,  and  in  almost  every  instance  the  animal  died. 

The  following  table  shows  the  average  of  our  results  with 
potassium  salts 


Loss  of  Sensation 
Complete  in 

General  Weakness 
Begun. 

Complete  Paralysis 

Chloride  of  Potassium 

18  minutes 

6 '5  minutes 

40  minutes 

Bromide  of  Potassium 

8 '3  minutes 

• • • 

56  minutes 

Iodide  of  Potassium 

... 

7 '4  minutes 

80  minutes 

Thus  whilst  paralysis  from  sodium  salts  lasted  only  three 
minutes,  the  potassium  salts  induced  the  same  early  paralysis, 
but  on  recovering  from  this  primary  condition,  general  prostra- 
tion soon  set  in,  and  gradually  progressing,  soon  became  com- 
plete, the  animal  recovering  only  in  three  instances. 

From  the  preceding  table  we  see  that  chloride  of  potassium 
in  about  the  same  relative  dose  to  the  weight  of  the  frog, 
VOL.  XIT.  R 
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produces  complete  paralysis  quicker  than  the  bromide,  and  the 
bromide  than  the  iodide ; in  other  words,  the  chloride  is  a 
more  powerful  paralyser  than  the  bromide,  and  the  bromide 
than  the  iodide.  We  draw  attention  to  the  fact  tha,t  the 
relative  amount  of  potash  is  greater  in  the  chloride  than  in  the 
bromide,  and  in  the  bromide  than  the  iodide,  so  that  in  order  to 
administer  the  same  quantity  of  potash,  the  salts  must  be  given 
in  about  this  ratio — 

Chloride.  Bromide.  Iodide. 

1 1-5  2 

On  referring  to  the  preceding  table,  it  is  evident  that  the 
difference  in  the  time  each  salt  took  to  produce  complete  para- 
lysis stands  in  much  the  same  ratio  as  the  proportion  of  potash 
in  its  composition.  In  the  subjoined  table  we  give  the  average 
proportionate  dose  to  the  weight  of  the  frog,  and  the  average 
time  each  salt  referred  to  produce  complete  paralysis  : — 


Chloride. 

Bromide. 

Iodide. 

Average  proportionate  dose. 
Time  of  complete  paralysis. 

1 

40  minutes 

1 

55  minutes 

■ginr 

80  minutes 

Thus,  to  summarise  our  results : — Inasmuch  as  these  three 
potassium  salts  produce  the  same  symptoms  in  the  same  order 
with  a progressive  rapidity,  each  in  proportion  to  the  amount  of 
potash  in  its  composition,  and  further,  as  the  corresponding 
sodium  salts  produce  different  effects,  we  are  bound  to  conclude, 
.with  Guttmann,  that  the  influence  of  potash  salts  on  ihe  nervous 
system  of  frogs  depends  wholly  on  the  potash,  uninfluenced  by 
the  acid  combined  with  it. 

We  now  draw  attention  to  the  difference  between  the 
action  of  bromide  of  potassium  and  bromide  of  sodium  on 
the  nervous  system.  The  careful  observations  of  various  ex- 
perimenters, Eulenberg,  Guttmann,  Lewisky,  Bartholow,  and 
others,  prove  that  the  chief  effect  of  bromide  of  potassium  is  to 
diminish  or  to  destroy  the  reflex  power  in  the  cord  and  in  the 
afferent  nerves.  From  our  own  experiments  it  is  evident 
that  these  effects  depend  entirely  on  the  potassium,  and  are 
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common  to  all  potassium  salts.  Now,  the  efficacy  of  bromide  of 
potassium  in  epilepsy  is  generally  explained  by  its  depressing 
power  on  the  reflex  function  of  the  cord,  a conclusion  mainly 
based  on  the  action  of  this  salt  on  frogs.  The  grounds  for  this 
conclusion  must  be  erroneous,  since  the  depressing  effect  on  the 
nervous  system  produced  by  bromide  of  potassium  are  common 
to  other  potassium  salts,  and  yet  these  possess  no  similar  action 
in  epilepsy.  Moreover,  bromide  of  sodium  is  equally,  or  almost 
equally,  efficacious  in  epilepsy,  and  yet  it  has  no  depressing 
effect  on  the  nervous  system  comparable  to  bromide  of  potas- 
sium, we  must  conclude,  therefore,  that  the  effects  of  bromide 
of  potassium  on  frogs  fail  to  show  us  how  this  salt  subdues 
epilepsy. 

We  may  add,  that  our  experiments  with  bromide  of  sodium 
confirm  the  observations  of  Laborde,  who  found  that  the  sodium 
salts,  even  in  double  the  dose  of  the  bromide,  did  not  produce 
any  characteristic  symptoms  in  the  frog,  the  guinea-pig,  or 
the  dog. 

From  these  experiments  we  arrived  at  another  curious  conclu- 
sion— that  a salt  acts  mainly  or  exclusively,  not  as  an  entity, 
but  in  virtue  of  one  of  its  constituents,  on  some  organs,  whilst  it 
acts  in  virtue  of  its  other  constituent  on  other  organs.  Thus  in 
the  case  of  iodide  and  bromide  of  potassium,  their  effects  on  the 
nervous  tissues  depend  entirely  on  the  potassium,  the  iodine  and 
the  bromine  playing  no  part.  On  the  other  band,  the  iodine 
affects  the  skin  and  the  mucous  membranes,  especially  of  the 
nose  and  eyes,  and  the  bromine  also  affects  the  skin.  Iodides 
cause  coryza  and  a peculiar  acne,  and  bromides  induce  a charac- 
teristic acne. 

As  iodides  and  bromides  affect  the  skin,  and  iodides  affect 
both  the  skin  and  the  mucous  membranes,  especially  of  the  nose, 
whilst  potassium  salts  other  than  the  iodides  and  bromides  pro- 
duce no  such  effect,  it  is  clear  that  the  coryzal  and  cutaneous 
symptoms  are  due  to  the  iodine  and  bromine.  It  is  true  that 
iodide  of  sodium  or  ammonium  are  less  liable  to  produce  iodism 
than  the  potassium  salt,  and  in  these  cases  we  are  forced  to 
admit  that  the  sodium  or  ammonium  must  exercise  some  modi- 
fying influence  on  the  iodine,  still  it  is  the  iodine  that  acts,  the 
sodium  or  ammonium  only  lessening  its  influence.  Thus  a salt 
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which  probably  undergoes  no  chemical  change  in  the  body  acts 
on  one  structure  solely  through  its  base,  andpn  another  structure 
solely  through  its  acid  constituent. 

Our  investigations  show  that  the  chloride,  bromide,  and 
iodide  of  potassium  affect  the  same  parts  of  the  nervous  system 
of  frogs,  and  in  the  same  order ; that  sensation  is  first  impaired 
or  destroyed,  with  weakening  or  loss  of  the  reflex  functions,  of 
course,  ensuing.  In  a short  time  voluntary  power  declines,  but 
it  persists  in  natural  or  considerable  degree  when  sensation 
is  greatly  diminished  or  destroyed.  At  last  voluntary  power  is 
also  lost.  How  is  sensation  impaired  or  destroyed  ? By  the 
action  of  the  potash  salt  on  the  afferent  nerves,  on  the  sensory 
tracts  of  the  cord,  or  on  the  sensory  centres  in  the  brain  ? Our 
observations  do  not  enable  us  to  answer  all  these  questions ; but 
as  in  a former  paper  we  find  that  the  local  application  of  any 
of  these  salts  destroys  sensation  when  applied  to  the  skin,  we 
suggest  that  it  probably  acts,  in  part  at  least,  on  the  termina- 
tions of  the  afferent  nerves,  even  when  administered  either 
by  the  mouth  or  hypodermically. 

It  is  true  that  in  our  immersion  experiments  the  iodide  pro- 
duced greater  loss  of  sensation  than  the  bromide,  and  the 
bromide  than  the  chloride,  the  very  reverse  happening  after 
the  internal  administratioD.  Thus,  after  two  minutes’  immer- 
sion, the  loss  of  sensation  continued  in  the  leg  on  an  average — 

Chloride.  Bron)ide.  Iodide. 

117  minutes.  135  minutes.  190  minutes. 


ON  THE  PHYSIOLOGICAL  ACTION  OF  THE  BULB 
OF  THE  BUPHANE  TOXICARIA  OR  HEMANTHUS 
TOXICARIUS  ; AMARYLLIDACE^. 

By  SYDNEY  RINGER,  M.D. 


PROFESSOR  OF  MEDICINE  AT  UNIVERSITY  COLLEGE,  LONDON, 

AND 

E.  E.  MORSHEAD,  L.R.C.P., 

ASSISTANT  TO  THE  PROFESSOR  OF  MEDICINE  AT  UNIVERSITY  COLLEGE, 

LONDON. 

FEW  specimens  of  the  large  South  African  poisonous 


bulb,  Buphane  toxicaria,  were  sent  to  the  Royal  Gar- 
dens, Kew,  and  Mr.  Thiselton  Dyer  kindly  gave  us  one  to 
test  the  physiological  action  of  the  plant.  The  Hottentots 
use  this  plant  to  poisonTheir  arrows.  It  is  highly  poison- 
ous to  cattle.  Mr.  Gerard  prepared  for  us  an  extract,  from 
which  he  obtained  an  alkaloid,  the  extract  yielding  about 
1.75  per  cent,  of  it. 

In  the  first  series  of  experiments  we  used  the  extract. 

On  April  ist  we  injected  under  the  sUjn  of  a eat  seven  minims 
of  a I in  5 solution  of  the  extract.  In  about  twenty  minutes  this 
made  the  animal  dull  and  a little  sleepy.  An  hour  from  the  first 
injection  we  administered  hypodermically  8 minims  of  the  solu- 
tion, which  increased  the  drowsiness  and  produced  decided  weak- 
ness, so  that  in  walking  the  cat  rolled  somewhat  ; the  hind  were 
weaker  than  the  froii^  legs,  and  the  animal  became  so  drowsy 
that  when  left  to  itself  h;  fell  asleep  and  nodded. 

Next  day  we  injected  the  same  cat  hypodermically  with  8 grains 
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of  extract  (50  minims  of  the  i in  5 solution).  This  caused  slight 
weakness,  twitching  of  the  skin,  retching  and  vomiting. 

On  April  5th  we  injected  into  the  same  cat  20  grains  of  extract 
which  caused  drowsiness,  great  weakness,  especially  of  the  hind 
limbs,  though  throughout  the  experiment  the  cat  could  walk,  but 
it  lay  down  with  its  head  on  the  table.  On  the  slightest  irritation, 
as  tapping  the  back,  or  even  a loud  noise,  the  whole  body 
started  and  jerked.  The  pupils  were  dilated,  but  acted  to  light, 
and  the  mouth  became  dry.  Sight  seemed  affected,  and  general 
sensation  became  impaired. 

We  next  injected  27  grains  of  extract,  and  produced  still  more 
marked  symptoms,  nausea  and  retching,  strong  semi-tetanic 
twitchings  and  startings  on  the  slightest  irritation  or  from  noises, 
and  at  one  time  the  twitchings  were  almost  incessant. 

The  animal  grew  so  weak  that  it  could  scarcely  stand,  and  as 
the  weakness  progressed  the  twitchings  diminished.  The  weakness 
was  most  evident  in  the  hind  part  of  the  body.  Sensation  was 
'impaired.  The  startings  were  produced  much  more  easily  on  ir- 
ritating the  anterior  than  the  posterior  part  of  the  body.  The 
pupils  became  widely  dilated  with  loss  of  sight.  The  mouth  was 
dry  ; the  respiration  much  hurried  and  very  shallow,  at  one  time 
being  78  in  the  minute.  The  cat  was  drowsy.  In  four  hours  the 
cat  had  nearly  recovered  and  next  day,  except  being  rather  di^l, 
it  was  quite  well  again. 

These  experiments  show  that  this  bulb  produces  drowsiness, 

general  weakness,  tremors,  heightened  reflex  irritability,  so  mark- 
ed that  stimulation  causes  strong  jerkings  of  the  whole  body, 

impaired  sensation,  dilatation  of  the  pupil  with  dimness  of  vision, 
dryness  of  the  mouth,  nausea  and  sickness,  hurried  and  shallow 
breathing. 

Two  experimenis  on  frogs  show  that  the  extract,  in  large  doses 
causes  general  paralysis  and  tetanus. 

We  injected  under  the  skin  of  a frog  one  grain  of  the  extract, 
being  q-  part  of  the  animal’s  weight. 

This  produced  slight  weakness  which  passed  away  in  an  hour. 
In  104  minutes  slight  tetanic  startings  set  in  ; on  hopping  the 
body  of  the  whole  animal  jerked  slightly,  the  legs  were  slightly  ex- 
tended, the  feet  expanded.  The  frog’s  movements,  too,  were 
stiff  and  awkward.  The  tetanus  slightly  increased,  but  though 
distinct,  was  never  severe.  It  continued  about  72  hours,  and 
the  animal  had  quite  recovered.  To  another  frog  we  administered 
part  of  its  weight  of  extract,  ajid  in  ten  minutes  the  animal 
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became  weak  ; in  34  minutes  tetanus  began,  and  both  paralysis  and 
tetanus  increased  till  the  tetanus  became  strong  and  persistent, 
but  the  paralysis  became  complete.  Twenty-four  hours  after 
death  we  opened  the  chest  and  found  the  heart  stopped  in  wide 
diastole.  Slight  stimulation  caused  the  heart  to  beat  thoroughly 
20  in  the  minute,  though  after  some  minutes  the  contractions 
again  ceased. 


These  experiments  on  frogs,  confirm  therefore,  the  ex- 
periments made  on  the  cat.  With  the  cat  we  produced 
great  general  weakness  with  slight  tetanic  twitchings.  In 
frogs  the  drug  induces  the  same  symptoms,  but  with  much 
more  marked  tetanus. 

We  next  investigated  what  structures  were  affected  by’’ 
hemanthus.  We  first  experimented  to  ascertain  whether 
the  tetanus  is  due  to  the  action  of  the  poison  on  the  brain, 
cord,  nerves  or  muscles. 

In  two  experiments  we  injected,  in  each  case,  a grain  and  two- 
fifths  of  the  extract  under  the  skin  of  the  frog.  Then  on  the 
onset  of  tetanus  we  destroyed  the  brain,  and  still  the  tetanus  be- 
came well  marked.  Next  we  divided  the  sciatic  nerve  of  one  leg, 
and  found  that  tetanus  could  not  be  induced  in  that  limb,  showing 
that  the  tetanus  is  not  caused  by  the  action  of  the  poison  on  the 
nerves  or  muscles,  and  that  the  tetanus  is  not  due  to  the  action  of 
poison  on  the  brain  ; since  tetanus  occurs  after  destruction  of 
that  organ,  and  must  therefore  be  spinal. 

We  next  experimented  to  ascertain  what  structures  are 
implicated  when  hemanthus  acts  as  a paralyzer ; whether 
through  the  brain,  spinal  cord,  nerves  or  muscles. 

As  hemanthus  destroys  reflex  action  as  well  as  voluntary 
power,  and  even  after  the  brain  is  destroyed,  it  is  evident 
that  it  paralyzes  by  its  action  either  on  the  cord,  the  motor 
nerves  or  the  muscles. 

On  April  17th  we  poisoned  a moderate-sized  brainless  frog  by 
injecting  seven  minims  of  the  i in  5 solution  of  extract,  and 
when  complete  paralysis  set  in  we  exposed  the  sciatic  nerve  and 
muscles,  and  tested  these  with  the  interrupted  current.  We  found 
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that  a very  weak  current  applred  to  the  nerve  caused  the  muscles 
to  contract  strongly,  and  that  a weak  current  applied  directly  to 
^ the  muscles  stimulated  them  to  strong  contraction. 

April  17th. — Next  we  injected  under  the  skin  of  a frog  weigh- 
ing  25  grammes  three  grains  of  extract.  In  40  minutes  it  began 
to  grow  weak,  and  then  general  paralysis  and  tetanus  simul- 
taneously progressed,  so  that  at  the  end  of  an  hour  the  animal 
could  just  crawl  a little,  but  if  tapped  the  shock  induced  decided 
but  not  very  strong  tetanus  extension  of  the  legs.  Next  day,  17 
hours  from  the  commencement  of  the  experiment,  we  found  the 
animal  quite  paralyzed.  We  then  exposed  the  sciatic,  and  mus- 
cles of  the  leg,  and  found  that  a weak  galvanic  current  caused 
the  muscles  to  contract  strongly,  but  the  sciatic  nerve  itself  was 
completely  paralyzed. 

Since  the  application  of  a weak  current  of  electricity  to 
the  sciatic  nerve,  after  complete  paralysis  induces  strong 
muscular  contraction  we  conclude  that  the  paralysis  is  not 
due  to  paralysis  of  the  motor  nerves  ; and  as  the  muscles  also 
contract  energetically  on  the  direct  application  of  a weak 
current  of  electricity,  it  is  equally  apparent  that  the  paraly- 
sis is  not  due  to  paralysis  of  the  muscles  ; hence  we  must  con- 
clude that  hemanthus  paralyzes  by  its  action  on  the  spinal 
cord. 

Although  the  preceding  experiments,  we  think,  prove 
that  hemanthus  paralyzes  by  its  action  on  the  spinal  cord, 
we  determined  to  perform  the  following  suppflementary  ex- 
periments, especially  as  they  enable  us  to  decide  whether 
hemanthus  possesses  likewise  a paralyzing  action  on  the 
motor  nerves,  though  it  must  needs  be  a far  weaker  action 
than  this  agent  produces  on  the  cord ; moreo\^er  these  ex- 
periments serve  to  show  whether  the  paralysis  of  reflex 
action  is  due  to  the  action  of  the  poison  on  the  sensory 
nerves,  preventing  the  impressions  reaching  the  cord. 

We  injected  the  extract  under  the  skin  of  the  back  close  to  the 
lymph  hearts,  and  as  soon  as  tetanic  symptoms  set  in,  that  is  in 
about  forty  minutes,  we  destroyed  the  brain,  cut  through  the 
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heart,  and  divided  the  sciatic  nerve  of  the  right  leg,  to  prevent 
the  exhaustion  of  the  nerve  and  muscle  by  tetanic  contractions. 

We  then  prepared  some  test  frogs.  We  destroyed  the  brain, 
cut  through  the  heart,  and  divided  the  right  sciatic  nerve  so  that 
the  condition  of  the  test  frogs  should  be,  in  all  respects,  identical 
with  that  of  the  poisoned  frogs  except  the  poisoning.  Then  we 
tested  with  electricity  the  conductivity  of  the  sciatic  nerve  and 
the  contractibility  of  the  muscles  thrice  daily,  at  9 a.m.,  i p.m.  and 
6 P.M.  First  we  tested  the  sciatic  nerve  through  the  skin,  so  that 
its  function  might  not  be  impaired  by  exposure  to  the  air  ; and 
when  the  nerve  so  treated  ceased  to  conduct,  we  exposed  it,  and, 
having  isolated  it  on  gla^Sj  tested  it. 

THE  ACTION  OF  EXTRACT  OF  HEMANTHUS  ON  THE  MOTOR  NERVB6  AND  MUSCLE. 


Date 

Brain  destroy'd, 
heart  cut 
through  and 
sciatic  nerve 
divided  after 
poisoning. 

Amount  of 
extract 
injected. 

Weight  of  frog  in 
grammes. 

Right  sciatic  nerve 
ceased  to  conduct  in. 

Muscles  of  right  leg 
ceased  to  contract. 

Apr  18. 

39  mins. 

3 grains. 

20  grammes. 

25  hours. 

22. 

35  mins. 

3 grains. 

26  grammes. 

28  hours. 

39  hours. 

22. 

55  mins. 

3 grains. 

34  grammes. 

30  hours. 

39  hours. 

25- 

30  mins. 

3 grains. 

25  grammes. 

38  hours. 

48  hours. 

25. 

43  mins. 

3 grains. 

31  grammes. 

30  hours. 

35  hours. 

Average 

30.2. 

40.5. 

TEST  FROGS. 

Apr  18. 

34  hours. 

72  hours. 

22. 

40  hours. 

83  hours. 

25. 

34  hours. 

82  hours. 

49  hours. 

49  hours. 

Average 

39-2. 

71.5. 

We  abstract  the  following  averages  from  the  preceeding 
table : 


The  sciatic  nerve  In  poisoned  frogs  in  In  test  frogs  in  39 

ceased  to  conduct.  40  hours.  hours. 


The  muscles  ceased  30  hours.  71  hours, 

to  contract  to  a 
strong  galvanic 
current. 

/ 

We  conclude  that  extract  of  hemanthus  paralyses  the 
motor  nerves  and  muscles  in  a slight  degree ; The  dose 
of  alkaloid  administered  was  small,  for  we  used  three 
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grains  of  extract,  and  the  extract  contains  only  about  ij 
per  cent,  of  alkaloid.  We  shall,  therefore,  test  with  larger 
doses  the  action  of  the  alkaloid  on  the  motor  nerves  and 
muscles. 

Before,  however,  we  are  justified  in  concluding  that  he- 
manthus  paralyses  chiefly  through  its  action  on  the  cord,  we 
must  be  certain  whether  it  exercises  any  influence  on  the 
afferent  nerves ; for  if  it  paralyses  these,  then  no  impres- 
sions could  reach  the  cord,  and  we  could  account  for  the 
general  loss  of  reflex  action  by  the  paralysis  of  the  affer- 
ent nerves.  We  must  ascertain  too  whether  hemanthus 
paralyses  the  heart,  and  in  this  way  arrests  the  circulation  ; 
for  if  so,  paralysis  of  the  spinal  cord  may  be  due  to  the  ar- 
rest of  circulation,  and  not  to  the  direct  action  of  the  poison 
on  the  cord.  To  decide  these  questions  we  performed  the 
following  experiments  : 

We  destroyed  the  brain,  then  ligatured  the  right  femoral 
vessels,  next  placed  a tight  ligature  around  the  muscles  of  the 
upper  part  of  the  thigh  under  the  skin,  taking  care  to  exclude  the 
sciatic  nerve,  and  then  injected  three  grains  of  extract  into  the 
left  axilla.  The  frog  became  slowly  paralysed,  and  when  par- 
alysis became  complete  we  found  that  pinching  the  toes  or  calf  of 
the  right  ligatured  leg  failed  to  excite  any  reflex  action. 

On  April  29th  we  somewhat  modified  the  experiment.  Atter  de- 
stroying the  brain  we  tied  the  right  femoral  artery  and  vein  of  a mod- 
erate sized  English  frog,  and  then  injected  fifteen  minims  of  the  i 
in  5 solution  of  extract  under  the  skin  of  the  left  axilla.  In  twenty- 
eight  minutes  tetanus  commenced  and  progressed  pari  passu  with 
general  paralysis,  and  in  two  hours  and  ten  minutes  the  animal 
was  completely  paralysed,  so  that  mechanical  stimulation  of  either 
extremity  excited  no  reflex  action.  The  paralysis  progressed 
equally  in  both  hind  legs.  In  this  experiment  ninety  minutes 
after  complete  paralysis  and  in  the  foregoing  experiments  in  thirty 
minutes  we  opened  the  chest  and  found  the  heart  beating  fairly 
well  at  fourteen  per  minute. 

These  experiments  prove  that  the  loss  of  reflex  action 
is  not  due  to  paralysis  of  the  sensory  nerves,  for  stimulation 
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of  the  ligatured  protected  leg  failed  to  excite  reflex  action. 
Moreover  the  paralysis  of  the  spinal  cord  is  not  due  to  ar- 
rest of  the  circulation  from  cardiac  paralysis,  for  after  com- 
plete paralysis  we  found  the  heart  beating  at  twelve  per 
minute. 


ACTION  ON  THE  FROG’S  HEART  AND  VAGUS. 

Dr.  Burdon  Sanderson  kindly  tested  for  us  the  action  of 
extract  of  hemanthus  on  the  heart  and  vagus  of  the  frog : 

After  exposing  the  vagus  just  as  it  issues  from  the  skull  and  ex- 
posing the  heart  without  opening  the  pericardium  he  applied  the 
electrodes  to  the  vagus,  and  as  usual  the  heart  was  arrested  for 
several  beats.  After  testing  the  effect  of  galvanic  stimulation  of 
the  vagi  three  times  with  the  same  result,  he  injected  three 
grains  of  extract,  diluted  with  water,  under  the  skin  of  the  back 
and  then  tested  the  effect  of  faradisation  of  the  vagus,  and  found 
that  even  the  strongest  current  from  a one-celled  Daniel’s  bat- 
tery with  Du  Bois  Reymond’s  induction  coil  failed  in  any  degree 
to  affect  the  heart’s  contractions.  He  then  opened  the  pericar- 
dium and  applied  the  electrodes  to  the  junction  of  the  sinus  with 
the  auricle  which  slightly  accelerated  the  heart’s  contractions  dur- 
ing contact,  but  this  acceleration  ceased  on  removal  of  the  elec- 
trodes, when  perhaps  a slight  slowing  for  a second  or  two'occured, 
so  slight,  however,  that  we  cannot  be  sure  of  it. 

This  experiment  we  repeated  with  exactly  the  same  re- 
sult ; but  we  poisoned  the  animal  with  one  grain  only  of 
the  extract. 

We  next  tested  the  action  of  hemanthus  on  the  intra- 
cardiac inhibitory  apparatus. 

We  poisoned  two  brainless  frogs  by  injecting  under  the  skin  of 
the  back  a grain  and  two  grains  respectively.  An  hour  afterward 
we  opened  the  thorax  and  pericardium,  and  then  turning  the  heart 
over  exposed  the  sinus  as  it  enters  the  auricle.  In  this  operation, 
in  the  first  experiment,  we  unfortunately  divided  the  abdominal 
vein.  The  heart  was  contracting  badly  at  32  per  minute.  We 
applied  the  electrodes  to  the  groove  between  the  sinus  and  the 
auricle,  without  in  any  way  modifying  the  contractions. 
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[n  the  second  experiment,  May  8th,  34  minutes  after  poisoning 
we  exposed  the  heart,  and  found  it  beating  well  at  18  per  minute. 
We  then  applied  the  electrodes  to  the  sinus,  and  this  raised  the  beats 
to  26,  but  rendered  them  feeble.  We  repeated  the  application  in  ten 
minutes  with  the  same  result.  After  removing  the  electrodes  a 
slight  pause  occurred,  but  far  less  than  happens  after  the  applica- 
tion of  the  electrodes  to  to  an  undrugged  heart. 

On  another  occasion  we  exposed  the  heart  of  a frog  whose  brain 
and  cord  were  destroyed,  and  then  applied  the  electrodes  to  the 
groove  between  the  sinus  and  the  auricle,  and  ascertained  the 
strength  of  the  current  adequate  to  powerfully  inhibit  the  heart. 
We  then  applied  a solution  of  the  extract  to  the  heart,  and  in  a 
few  minutes  found  that  a current  of  the  same  strength  failed  to 
arrest  or  slow  the  heart,  but  made  the  beats  more  frequent.  On 
increasing  the  current  to  the  battery’s  full  strength,  slight  slowing, 

we  think,  followed  for  one  or  two  beats,  succeeded  by  accelerated 
action. 

These  experiments  lead  us  to  conclude  that  hemanthus 
paralyzes  the  vagus,  and  greatly  weakens  and  even  paralyzes 
the  intra-cardiac  inhibitory'  apparatus. 

These  experiments  show  that  large  doses,  as  two  or  three 
grains  of  extract,  given  hypodermically  to  a moderate  sized 
frog  slows  and  weakens  the  heart,  but  after  several  hours  it 
still  continues  to  beat  moderately  well  at  twelve  to  fourteen 
per  minute. 

We  next  tested  whether  hemanthus  antagonizes  the  action 
of  muscarin  on  the  frog’s  heart.  We  exposed  the  heart  of 
a brainless  frog,  and  applied  a i in  5 solution  of  extract 
of  amineta  muscaria  in  the  neighborhood  of  the  sinus  and 
auricles.  When  the  heart  became  greatly  slowed  and  weak- 
ened, or  altogether  arrested,  we  applied  the  extract  of 
hemanthus.  We  give  the  results  in  the  following  table: 

In  a previous  communication*  we  showed  that  one  drug 
may  oppose  the  action  of  another  drug  though  each  pro- 
duces the  same  effects.  Thus  pilocarpine  antagonizes  the 
action  of  muscarin  on  the  frog’s  heart.  As  hemanthus 


* Journal  of  Physiology,  vol.  ii. 
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affects  the  heart  like  atropia,  we  were  anxious  to  see  if 
a^ropia  would  antagonize  the  effect  of  hemanthus.  We 
give  two  experiments  showing  that  atropia  does  not  an- 
tagonize the  action  of  hemanthus. 


Date 

After  application 
of  muscarin 
heart  reduced 
from  to. 

Strength  of 
contraction. 

After  application  of 
extract  of  heman- 
thus, heart  beats 
rose  to. 

Strength 

beat 

of  1 

May  12. 

48  to  8 in 
eight  min- 
utes. 

Very 
feeble, 
auricle 
c e a s- 
ed. 

28  in  3 min- 
utes to  34 
subsequently. 

Very  good. 

Three  hours  af- 
ter the  heart 
beat  f ai rly 
well  at  34. 
Next  morning 
tlife  heart  had 
stopped, 
widely  dis- 
tended but 
quite  pale. 

13. 

48  to  0 in 
two  min- 
utes. 

stopped. 

34  in  4 
utes. 

min- 

F a i r 1 
good. 

y 

13. 

48  to  0 in 
seven  min- 
utes. 

stopped. 

24  in  9 
utes. 

min- 

Poor. 

On  May  8th  we  exposed  the  heart  of  a brainless  frog,  and  applied 
a I in  5 solution  of  hemanthus  to  the  sinuses  and  auricles.  This 
reduced  the  heart’s  beats  from  56  to  20,  and  greatly  enfeebled 
their  strength.  We  then  applied  a small  quantity  of  a i per  cent, 
solution  of  sulphate  of  atropia  ; the  contractions  became  stronger, 
but  in  the  following  fifteen  minutes  the  beats  fell  to  14. 

On  the  following  day  we  repeated  the  experiment.  The  extract 
of  hemanthus  reduced  the  beats  from  55  to  24,  and  weakened 
them.  After  the  application  of  the  solution  of  atropia  the  beats 
continued  to  grow  less  frequent,  and  in  twenty  minutes  had 
fallen  to  14.  The  atropia  appeared  to  exercise  little  or  no  influ- 
ence on  the  strength  of  the  contractions  ; perhaps  they  were  a 
little  stronger,  though  if  so  the  improvement  was  scarcely 
manifest. 


ACTION  ON  MAN. 

A man  swallowed  a grain  of  the  alkaloid  hemanthia,  which 
produced  only  slight  dryness  of  the  mouth,  so  that  this  experi- 
ment would  indicate  that  on  man  hemanthia  is  far  less  powerful 
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than  atropia.  We  shall  see  presently  that  the  reverse  is  the  case 
as  regards  cats. 

A man  took  a grain  of  the  extract  every  half  hour  for  six 
doses  and  then  four  hourly  doses.  The  only  apparent  effect  was 
dryness  of  the  mouth,  causing  him  to  drink  very  frequently. 

Nex^  day,  May  2d,  the  same  man  took  twelve  grains  in  five 
hours,  which  produced  more  dryness  of  the  mouth  and  thirst, 
with  rather  free  perspiration,  and  he  said  he  passed  more  water 
than  usual. 

On  May  3d,  after  taking  thirty-three  grains  of  extract  in  three 
hours  and  a half,  he  complained  of  great  dryness  of  the  mouth 
and  parched  lips.  The  lips  looked  very  dry,  and  to  the  touch 
the  tongue  felt  a little  dry.  He  was  very  thirsty.  At  the  end  of 
three  hours,  when  he  had  taken  twenty-nine  grains  of  extract,  his 
hands  were  slightly  moist.  He  passed,  he  said,  a very  large  quan- 
tity of  water  ; indeed  he  had  to  urinate  nearly  every  half  hour. 
He  filled  two  utensils  with  urine.  The  increased  urine  was  not 
due  to  the  thirst,  for  he  was  not  allowed  any  drink  while  this 
experiment  was  going  on.  This  large  dose  neither  dilated  his 
pupils  nor  caused  headache,  and,  indeed,  produced  no  symptoms 
other  than  those  mentioned. 

On  May  5th  he  took  50  grains  of  extract,  which  produced  only 
dryness  of  the  mouth  with  increased  flow  of  urine,  as  the  follow- 
ing table  shows  : 


Hour. 

Quantity  of 
Urine. 

Took  Medicine. 

Amount. 

II  to 

12 

2 oz. 

12  to 

I 

oz. 

Dinner  at  12:30,  P.  M. 

I to 

2 

3 oz. 

2 P.M. 

gr.  5 

2 to 

3 

2^  oz. 

2:30 

i( 

3 to 

4 

2 OZ. 

3 

4 ( 

4 to 

5 

4 oz. 

3:30 

i i 

5 to 

6 

6 oz. 

4 

( ( 

6 to 

7 

4 oz. 

4:30 

( ( 

7 to 

8 

4 oz. 

5 

(( 

5:30 

( t 

6 

(( 

6:30 

( ( 

He  passed,  therefore,  in  the  first  three  hours  6}4  oz.,  and  22}4 
oz.  in  the  six  hours  during  which  he  took  hemanthus  ; that  is  to 
say,  the  medicine  nearly  doubled  the  quantity  of  urine  ; and  if 
we  exclude  the  first  two  hours  after  commencing  the  medicine 
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when  its  diuretic  effect  had  probably  scarcely  begun,  we  find  the 
drug  rather  more  than  doubled  the  quantity  of  urine. 

The  increase  in  the  urine  was  certainly  not  due  to  increased 
drink  from  thirst,  except  at  dinner,  for  the  patient  had  taken  no 
fluid,  and  then  only  his  usual  quantity. 

These  experiments  on  man,  therefore,  show  that  heman- 
thus  dries  the  mouth  and  increases  the  urinary  secretion  ; and 
we  may  here  state  that  each  of  the  cats  we  experimented 
on  passed  water  freely.  The  effect  on  the  skin  secretion  is 
doubtful,  for  this  man,  always  a free  secreter,  perspired  dur- 
ing each  of  these  experiments.  Hence,  if  hemanthus  does 
check  perspiration  it  manifests  this  property  in  a weaker 
degree  than  its  influence  on  the  salivary  secretion. 

A man  received  a grain  of  nitrate  of  hemanthia  hypodermically. 
In  about  half  an  hour  this  dried  the  mouth,  produced  faintness 
and  the  patient  became  childish  or  idiotic.  These  symptoms 
lasted  about  half  an  hour. 

Another  man  received  the  same  dose  which  induced  the  same 
symptoms,  but  in  this  instance  the  drug  produced  greater 
weakness,  so  that  he  could  scarcely  move  a limb  or  raise  his 
head  from  the  pillow.  He  perspired  freely.  Symptoms  lasted 
about  half  an  hour. 

In  these  observations  with  the  alkaloid  given  hypoder- 
mically, the  pupil  and  pulse  remained  unaffected. 

Mr.  Gerrard  prepared  for  us  a one  in  twenty  solution  of 
the  sulphate  of  hemanthia. 

Mr.  W.  H.  Neale  tested  its  action  on  the  pupil  of  eleven 
persons,  applying  in  each  instance  a single  drop  to  the  eye. 

He  finds  that  the  alkaloid  dilates  the  pupil  quickly  and 
widely,  but  the  dilatation  soon  passes  off ; on  the  average 
in  five  and  a half  hours. 

The  results  of  Mr.  Neale’s  observations  is  shown  in  the 
following  table  : 
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ACTION  OF  THE  ALKALOID  (hEMANTHIA  SULPHATE)  ON  THE  PUPIL. 


Dilatation  begun 

Amount  of  Dila- 

Dilatation 

in 

tation. 

lasted 

15  minutes. 

widely  dilated. 

5 hours. 

20  minutes. 

< < 

7 hours. 

25  minutes.* 

slightly. 

5 hours. 

15  minutes. 

widely. 

6 hours. 

15  minutes. 

i( 

7 hours. 

15  minutes. 

6 hours. 

25  minutes. 

moderately. 

5 hours. 

15  minutes. 

( ( 

7 hours. 

15  minutes. 

U 

5 hours. 

15  minutes. 

widely. 

5 hours. 

25  minutes. 

moderately. 

4 hours. 

Average. 

18  minutes. 

5.6  hours. 

*Only  a part  of  the  solution  entered  the  eye. 


Summary  of  conclusions  : 

In  warm-blooded  animals  hemanthus  causes  drowsiness, 
general  weakness,  tremors  and  tetaniform  startings,  im- 
paired sensibility,  dilatation  of  the  pupils,  dimness  of  vis- 
ion, dryness  of  ‘the  mouth,  hurried  and  shallow  breathing, 
nausea  and  sickness. 

In  frogs  it  causes  paralysis  and  tetanus ; and  paralysis 
precedes  tetanus. 

Tetanus  is  due  to  the  action  of  the  poison  on  the  spinal 
co'rd. 

Paralysis  is  due  chiefly  to  the  action  of  the  poison  on  the 
spinal  cord. 

Hemanthus  paralyzes,  in  a slight  degree,  the  motor 
nerves  and  muscles. 

Hemanthus  paralyzes  the  vagus  and  the  intra-cardiac  in- 
hibitory apparatus. 

It  slows  and  weakens  the  heart  of  frogs. 

It  antagonizes  the  action  of  extract  of  muscaria. 

Atropia  does  not  antagonize  the  effects  of  hemanthus 
on  the  frog’s  heart. 

In  man  it  produces  general  weakness,  delirium,  dryness 
of  the  mouth,  increased  urinary  secretion  ; topically  ap- 
plied it  dilates  the  pupil. 
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The  action  of  this  amaryllidaceous  plant,  hemanthus  tox- 
icarius,  corresponds  very  closely,  if,  indeed,  its  behavior  be 
not  identical  with  that  of  the  alkaloid  from  the  common 
Daffodil  (Narcissus),  a member  of  the  same  order.  In 
warm-blooded  animals  both  dilate  the  pupil,  whether  ad- 
ministered internally  or  topically  applied.  Both  dry  the 
mouth,  produce  general  weakness,  tetaniform  twitchings, 
nausea,  sickness  and  hurried  breathing. 

Both  antagonize  the  action  of  extract  of  muscaria  on  the 
frog’s  heart. 

Hemanthia,  however,  acts,  like  narcissia,  only  when  it  is 
obtained  from  the  bulbs  of  the  plant  when  in  flower.  The 
action  of  this  alkaloid  derived  from  the  bulbs  a few  weeks 
or  months  after  flowering  differs  singularly  from  the  action 
of  the  alkaloid  just  referred  to.  This  alkaloid  extracted 
after  flowering  causes  salivation,  contracts  the  pupil  when 
internally  administered  and  slightly  dilates  it  only  when 
topically  applied. 

The  action  botk  of  narcissia  and  hemanthia  is  in  many  re- 
spects similar  to  that  of  atropia,  which  also  dilates  the' 
pupil  when  internally  administered  and  especially  when  top- 
ically applied,  dries  the  mouth,  produces  weakness,  drowsi- 
ness, tetaniform  twitching  in  warm-blooded  animals,  well- 
marked  tetanus  in  frogs,  nausea  and  vomiting ; in  cats, 
hurried  breathing,  accelerated  pulse. 

Dr.  Fraser  has  shown  that  atropia  produces  tetanus  in 
warm-blooded  animals,  and  we. were  anxious  to  ascertain 
how  far  the  effects  of  hemanthia  and  narcissia  correspond 
to  those  of  atropia ; we  therefore  administered  some 
atropia  hypodermically  to  a cat,  and  produced  exactly  the 
same  tetaniform  twitching  as  that  which  follows  the  ad- 
ministration of  narcissia  or  hemanthia. 

We  administered  sulphate  of  atropia  hypodermically  to  the  same 
cat  to  which  we  had  given  extract  of  hemanthus  toxicarius  to  as- 
certain to  what  extent  the  effects  of  these  two  drugs  are  alike.  Dur- 
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ing  two  hours  we  administered  ^ of  a grain  of  sulphate  of  atropia, 
in  seven  injections  of  gr.  ]/^.  The  first  dose  ]/^  gr.,  produced  weak- 
ness, drowsiness,  dilatation  of  pupils  and  dry  mouth.  When  the 
animal  had  received  grain,  these  symptoms  did  not  increase, 
but  on  tapping  the  back  elicited  slight  twitching.  Next  day 
we  injected,  at  first  two  grains,  which  produced  sleepiness  and 
slight  twitching,  twenty  minutes  afterward  we  injected  another 
grain  which  increased  the  twitchings,  though  the  animal  could 
still  walk.  134  minutes  from  the  first  injection,  we  gave  another 
grain,  making  four  in  all  ; this  dose  produced  drowsiness,  much 
general  weakness,  tremors  and  tetanic  startings  induced  by  tap- 
ping the  back,  or  pinching  the  skin,  or  by  loud  noises  : in  fact, 
the  same  *symptoms  which  follow  the  injection  of  extract  of 
hemanthus. 

Whilst  hemanthia  and  atropia  have  many  properties  in 
common,  yet  they  differ  from  each  other  in  the  following 
respects.  Hemanthia  affects  first  and  chiefly  the  brain  and 
spinal  cord,  and  in  a less  degree  the  salivary  secretion  and 
the  pupil ; for  a moderate  dose  causes  drowsiness,  weak- 
ness and  tetanic  twitchings,  whilst  the  mouth  becomes  only 
slightly  dry  and  the  pupil  moderately  dilated,  but  a larger 
dose  dilates  the  pupil  widely  and  makes  the  mouth  very 
dry ; on  the  other  hand,  a moderate  dose  of  atropia  widely 
dilates  the  pupil,  makes  the  mouth  quite  dry,  and  enduces 
slight  drowsiness,  but  weakness  and  tetanic  twitching  come 
on  only  when  a very  large  dose,  as  four  grains,  is  given 
hypodermically.  As  far  as  cats  are  concerned,  hemanthia 
is  a far  more  powerful  alkaloid  than  atropia.  Mr.  Gerrard 
calculates  that  the  extract  of  hemanthus  yields  p.  c.  of 
alkaloid.  Twenty  and  twenty-seven  grains  of  this  extract 
equal  therefore  to  between  and  grain  of  alkaloid  pro- 
duced symptons  as  decided  as  those  induced  by  four  grains 
of  sulphate  of  atropia. 

It  is  interesting  to  observe  that  whilst  the  members 
of  the  solanaceous  order  possess  many  properties  in  com- 
mon, yet  in  certain  members  some  of  these  properties,  as 
the  foregoing  pages  exemplify,  are  reversed. 
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The  same  remark  holds  with  regard  to  some  of  the 
amaryllids. 

Thus  atropia,  hemanthia,  narcissia  from  the  flowery  bulbs 
whether  topically  applied  or  taken  by  the  the  stomach, 
dilate  the  pupil  and  arrest  most  secretions.  The  remaining 
number,  narcissia  from  bulbs  when  flowering  is  over,  pituria, 
nicotine,  affect  the  pupil  differently  ; narcissia  contracting 
the  pupil  when  given  internally  and  only  slightly  dilating  it 
when  topically  applied  ; pituria  contracting  the  pupil  when 
internally  administered,  but  dilating  it  when  topically  ap- 
plied, whilst  nicotine,  whether  it  is  given  by  the  mouth  or 
topically  applied,  contracts  the  pupil ; moreover  all  these 
plants  increase  most  of  the  secretions. 

This  summary  shows  the  respective  properties  of  Solana- 
ceous  and  Amaryllidaceous  plants. 

Atropia  dilates  the  pupil,  dries  the  mouth,  produces 
general  weakness,  tetaniform  starting  in  cats,  well  marked 
tetanus  in  frogs,  impaired  sensibility,  drowsiness,  nausea  and 
vomiting  (cats),  hurried  breathing,  accelerated  pulse. 

It  paralyzes  the  motor  nerves,  their  terminations  first  ; 
it  paralyzes  the  spinal  cord,  and  the  extra-  and  intra- 
cardiac inhibitory  apparatus. 

It  affects  but  slightly  the  voluntary  muscles. 

Hemanthia  dilates  the  pupil,  dries  the  mouth,  produces 
general  weakness,  tetaniform  startings  in  cats,  well  marked 
tetanus  in  frogs,  impaired  sensibility;  it  causes  drowsiness, 
nausea  and  vomiting,  hurried  breathing. 

It  paralyzes  the  cord  and  probably  the  motor  nerves, 
and  produces  a very  slight  effect  on  the  voluntary  muscles. 

Narcissia  from  flowering  bulbs,  whether  applied  externally 
or  given  internally,  dilates  the  pupil,  dries  the  mouth,  pro- 
duces general  weakness,  slight  twitchings  and  startings, 
drowsiness,  nausea  and  retching,  accelerated  pulse. 

Narcisssia  after  flowering  is  over,  internally  slightly 
contracts  pupils,  topically  applied  dilates  pupil,  but  not 
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strongly.  It  produces  copious  salivation,  probably  increases 
cutaneous  secretion,  general  weakness,  strong  muscular 
and  tetaniform  twitchings,  nausea  and  sickness,  drowsiness, 
hurried  breathing,  slight  acceleration  of  pulse. 

Pituria  locally  applied  dilates  the  pupil,  internally  admin- 
istered contracts  and  in  very  large  doses  (as  in  cats),  dilates 
the  pupil,  salivates,  sweats,  produces  general  weakness, 
strong  tetanic  twitchings,  drowsiness,  nausea  and  vomiting, 
hurried  breathing. 

Nicotine  administered  internally  or  applied  topically’ 
contracts  the  pupil ; given  internally  in  very  large  doses  it 
dilates  the  pupil,  it  salivates  and  sweats,  and  produces  general 
weakness,  strong  tetanic  twitchings,  and  stiffening  of  the  ex- 
tremities on  walking  or  running,  well  marked  tetanus  in 
frogs,,  nausea  and  sickness,  hurried  breathing,  accelerated 
and  weak  pulse.  It  paralyzes  the  motor  nerves,  their  ter- 
minations first,  it  next  paralyzes  spinal  cord  ; and  produces 
no  effect  on  voluntary  muscle. 

Each  of  these  alkaloids  produces  general  weakness,  te- 
taniform startings,  and  several  produce  tetanus  in  frogs. 
They  cause  drowsiness,  nausea  and  vomiting,  hurried 
breathing  and  accelerated  pulse.  Nicotine  in  one  re- 
spect is  an  exception  to  this  statement,  for  it  does 
not  apparently  produce  drowsiness.  At  all  events  the 
symptom  is  not  noticed  in  papers  treating  of  the  action 
of  nicotine,  and  in  one  observation  we  made  on  a cat 
drowsiness  was  certainly  absent. 

We  may  point  out  that  those  substances  which  have 
been  investigated  concerning  their  influence  on  the  nervous 
and  muscular  system  all  correspond  in  their  physiological 
action  ; thus  atropia,  hemanthia  and  nicotine  paralyze  the 
spinal  cord  and  motor  nerves  but  leave  the  voluntary 
muscles  unaffected. 

^ome  writers  believe  that  pituria  and  nicotine  are  identi- 
cal. We  are  inclined  to  think  that  whilst  very  closely 
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allied  they  are  not  identical,  for  we  find  tliat  pituria 
topically  applied  dilates  the  pupil,  whilst  Kroker  (quoted  in 
Wood’s  therapeutics,)  finds  that  nicotine  topically  applied 
contracts  the  pupil.  Moreover,  we  find  that  nicotine  pro- 
duces in  cats  far  less  tetanic  twitchings  than  pituria,  but 
other  observers  appear  to  have  obtained  from  nicotine 
a greater  degree  of  tetanic  twitchings  than  we  met  with. 
We  find  that  nicotine  produces  that  peculiar  stiffness  of 
the  limbs  seen  when  the  cat  walks  or  runs,  which  is  so 
marked  after  pituria.  In  our  experiment  it  occurred  with- 
out any  tetanic  twitchings  on  tapping  the  cat’s  back  or 
other  part. 

We  draw  attention  to  the  fact  that  the  drugs  hitherto  in- 
vestigated that  affect  the  pupil  also  modify  secretion.  The 
following  table  is  arranged  to  exemplify  the  action  of  these 
drugs  on  the  pupil : 


Pupil  dilators  in- 
ternally or  topically 
applied. 

Given  internally, 
contract  topicallj 

applied,  dilate. 

Given  internally, 
contracts  ; topically, 
first  contracts  for 
short  time,  then  di- 
lates. 

Pu[)il  contr.iclors 
internally  or  topic- 
ally applied. 

Atropia. 

Muscarin. 

Narcissia, 

Physostigmia. 

Hyoscyamia, 

(from  bulbs  af- 

Pilocarpia. 

Daturia. 

Duboisia 

Narcissia  (from 
flowering  bulb.s). 

Hemanthia. 

Conium  ? ? ? 

ter  flowering 
has  ceased). 

Pituria. 

Gelsemia, 

(salivates  cats.) 

Nicotine. 

Opium. 

All  those  substances  which  dilate  the  pupil,  whether 
used  internally  or  topically,  are  arresters  of  most  of  the 
secretions.  Those  substances  which  contract  the  pupil, 
whether  used  internally  or  topically,  increase  most  of  the 
secretions. 
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Tliere  is  a curious  intermediate  group  the  action  of 
which  when  administered  internally  differs  from  its  action 
when  topically  applied.  The  members  of  this  group  in- 
crease most  of  the  secretions.  Should  further  investiga- 
tions confirm  these  conclusions,  it  appears  that  the  in- 
fluence of  the  internal  administration  of  a drug  on  the 
pupil  is  a better  indication  of  its  effect  on  secretion  than 
the  topical  application  of  the  same  drug.  The  foregoing 
table  illustrates  this  fact. 

It  may  be  objected  that  opium,  a contractor  of  the  pupil, 
increases  only  the  skin  secretion  whilst  it  checks  other 
secretions,  being  in  fact  more  an  exception  to  than  a corrob- 
oration of  the  rule  we  are  attempting  to  establish.  This 
no  doubt  i^  true  and  obliges  us  to  modify  our  general 
conclusions. 

With  the  exception  of  opium  and  its  alkaloids  all  the 
substances  in  the  preceding  tables  act  probably  directly  on 
nervous  structures  in  or  near  the  eye,  whilst  opium  prob- 
ably affects  the  pupil  through  some  part  of  the  central  ner- 
vous system  ; for,  opium  excepted,  these  substances  when 
topically  applied  to  the  eye,  all  powerfully  affect  the  pupil, 
and  indeed  thus  applied  affect  it  most  readily  and  markedly. 
The  topical  effect  corresponds  to  that  induced  by  a very 
large  dose  given  internally.  The  topical  employment  of 
opium  on  the  other  hand  produces  little  or  no  effect,  though 
the  pupil  becomes  contracted  when  opium  is  given  by  the 
stomach.  Therefore  our  general  statement  must  run  thus; 
That  the  action  of  a drug  capable  of  affecting  the  pupil, 
through  an  intra-ocular  nervous  apparatus,  affords  an  indi- 
cation of  the  effect  of  the  same  agent  on  secretion. 

In  the  preceding  table  we  have  not  included  picrotoxine, 
which  Luchsinger  has  shown  increases  the  cutaneous, 
salivary  and  lachrymal  secretion,  and  we  find  too  increases 
the  salivary  secretion.  The  effect  of  picrotoxine  on  the 
pupil  does  not  appear  to  be  satisfactorily  determined. 


ACTION  OF  THE  BUPIIANE  TOXICA  E/A. 


281 

19 


The  Husemanns,  in  their  Pflanzenstoffe,  say  that  it  often 
contracts  the  pupils,  which  become  dilated  at  the  close  of 
the  poisoning. 

If  this  statement  is  correct  then  picrotoxine  conforms  to 
the  rule  we  have  suggested.  We  have  tested  the  local  ap- 
plication of  picrotoxine  with  a saturated  solution,  about 
I in  150  parts  of  water  in  large  quantities,  and  frequently 
repeated  to  the  eye,  but  without  affecting  it  in  any  way. 
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THE  ACTION  OF  VERATRIA  ON  THE  VEN- 
TRICLE OF  THE  FROG’S  HEART. 


By  SYDNEY  RINGER,  M.  D., 

PROFESSOR  OF  MEDICINE  AT  UNIVERSITY  COLLEGE,  LONDON. 

IN  these  experiments  I used  Roy’s  tonometer.  In  most 
cases  I employed  the  entire  ventricle  ; in  some  only 
the  lower  two  thirds,  the  portion  free  from  nervous  gan- 
glia. 

I used  dried  bullock’s  blood  dissolved  in  water  and  di- 
luted with  saline  in  the  proportion  of  one  part  blood  to  two 
saline. 

In  some  experiments  the  ventricle  beat  spontaneously;  in 
others  contractions  occurred  only  on  the  application  of  an 
induction  shock. 

A number  or  the  sign  -|-  is  given  in  the  charts,  to  indi- 
cate the  application  of  an  induction  shock.  The  number 
indicates  the  place  at  which  the  coil  stood.  The  series  of 
rises  under  either  a number  or  -f-  are  due  to  a single  induc- 
tion shock. 

The  traces  read  from  left  to  right. 

Since  temperature  modifies  the  action  of  veratria  on 
the  ventricle  of  the  frog’s  heart,  I shall  describe,  first, 
my  results  with  a high  temperature,  between  8o°  and 
90°  F. ; then  with  a moderate  temperature,  between  60° 
and  70°  F.  ; and,  lastly,  with  a low  temperature  of  about 
40°  F. 
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Effect  of  ver atria  with  a high  temperature. 

The  effect  of  veratria  is  in  many  respects  best  mani- 
fested when  the  heart  does  not  beat  spontaneously,  but  only 
on  excitation,  as  shown  in  trace  i,  taken  when  the  tempera- 
ture of  the  room  was  close  on  90°  F. 

Veratria  first  prolongs  the  duration  of  the  systole,  so  that 
the  summit  of  the  amplitude  becomes  rounded  ; and  this  is 
still  better  seen  in  traces  taken  in  a cooler  room,  or  when 
the  blood  is  cooled  by  ice. 

Next,  each  excitation  produces  two  contractions,  but  the 
interval  is  so  short  that  the  diastole  is  incomplete  and  the 
two  traces  become  partially  blended.  In  many  instances, 
after  the  first  contraction,  the  heart  bulges  at  some  point, 
and  the  diastole  does  not  affect  the  whole  ventricle  ; there 
is,  indeed,  incoordinate  action  of  the  ventricle.  Each  ex- 
citation soon  induces  a still  more  prolonged  effect,  and  we 
get  three,  four,  or  more  contractions  produced  in  the  man- 
ner just  now  described.  Some  portion  only  of  the  ventricle 
dilates,  sometimes  a small  portion,  sometimes  a larger, 
and  then  re-contracts  ; and  the  degree  of  the  trace-fall  de- 
pends on  the  size  of  the  bulging.  In  a few  minutes  each 
excitation  produces  a prolonged  contraction,  or  series  of 
contractions,  lasting  from  30  to  120  seconds;  then  after  the 
excitation  the  ventricle  suddenly  contracts  and  the  trace 
suddenly  rises,  then  falls,  sometimes  considerably,  at  other 
times  slightly,  and  the  trace  shows  the  ventricle  is  beat- 
ing very  incoordinately ; but  as  the  effect  of  the  excitation 
persists  this  incoordination  becomes  much  less,  and  in  some 
cases  even  disappears.  After  a larger  dose  the  trace  sud- 
denly rises,  then  falls  slightly,  and  remains  at  nearly  the 
same  height  as  a straight  line  for  30  or  40  seconds ; then 
the  line  becomes  wavy.  Though  the  line  appears  straight, 
a lens  will  often  show  that  it  is  wavy,  but  in  some  cases  the 
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line  is  quite  straight.  After  it  has  become  wavy  for  a vari- 
able time  it  slowly  falls  toward  its  original  position  on  the 
base  line.  When  the  trace  forms  a straight  line  or  the  un- 
dulations are  very  small  a considerable  movement  is  visible 
in  the  ventricle,  consisting  of  rapid,  small,  peristaltic  waves 
of  dilatation  and  contraction,  running  generally  from  base 
to  apex. 

With  a larger  dose  (trace  i,  (7),  after  remaining  at  much 
the  same  height  for  many  seconds  the  trace  slowly  falls 
toward  the  base  line,  giving  a trace  much  like  the  fall  in  a 
tetanized  skeletal  muscle. 

The  duration  of  the  effect  depends  on  the  interval  be- 
tween the  excitations.  If,  as  soon  as  the  effect  of  one  ex- 
citation is  over  another  excitation  is  applied,  the  duration 
of  the  effect  of  the  second  excitation  is  much  diminished. 
In  fact,  the  duration  of  the  effect  is  in  proportion  to  the 
duration  of  the  diastolic  pause.  (Trace  i, 

The  irregularities  in  the  trace  are  best  studied  by  exam- 
ining the  ventricle.  One  sees  extreme  incoordination, 
especially  as  regards  dilatation.  A portion  dilates  when 
the  rest  remains  contracted,  hence  pouching  occurs,  and 
some  pouchings  contract  before  others. 

In  these  and  other  traces  that  I have  taken  it  is  notice- 
able that  although  the  form  of  irregularity  varies  in  dif- 
ferent experiments,  yet  in  each  experiment  the  irregularity 
observes  much  the  same  type  (see  traces  ii  and  iii). 

At  the  end  of  a prolonged  effect  of  an  excitation  the 
veratria  irregularity  often  becomes  less,  and  a ventricle  at 
first  very  incoordinate  at  last  beats  nearly  or  quite  coordi- 
nately  (see  trace  i,  S'). 

The  sustained  contraction,  much  longer  after  a large 
dose,  which  occurs  for  a brief  interval  after  each  contrac- 
tion, is  not  due,  as  some  hold,  to  an  altered  physical 
condition,  lessening  the  elasticity  of  the  ventricle,  but 
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is  due  to  muscular  contraction — is,  in  fact,  a prolonged 
spasm. 

1.  Either  spontaneously  or  after  an  excitation  the  ven- 
tricle at  first  remains  contracted  for  a variable  time,  then 
very  incoordinate  contractions  ensue,  and  at  last  the  con- 
tractions become  quite  coordinate  (see  traces  i,  iii,  iv),  and 
the  ventricle  stops  in  diastole.  This  series  of  events  could 
not  be  explained  were  the  elasticity  of  the  ventricle  alone 
affected. 

2.  In  some  cases  after  a contraction  the  ventricle  re- 
laxes greatly,  but  not  completely,  and  remains  in  this 
semi-relaxed  condition,  and  a strong  vermicular  action  sets 
in  ; after  a time  the  ventricle  suddenly  and  completely  re- 
laxes with  cessation  of  the  vermicular  action.  This  course 
of  events  cannot  be  explained  on  the  supposition  that 
veratria  simply  lessens  elasticity  (see  trace  vii,  F and  (S'). 

3.  Pouching,  now  of  one  part  and  next  of  another,  can- 
not be  explained  on  the  supposition  that  the  changes  in  the 
ventricle  are  due  to  lessened  elasticity. 

We  see,  then,  that  veratria  induces,  first,  a change  in  the 
ventricle,  so  that  each  contraction  is  prolonged,  and  the  am- 
plitude of  the  trace  is  broader  and  its  summit  rounder; 
next,  a single  excitation,  instead  of  one  response,  induces 
two  contractions  (see  trace  i,  A.  iii,  in  other  words, 
each  excitation  produces  an  increased  expenditure  of 
force. 

As  the  effect  of  veratria  progresses  (more  speedily  after 
a large  dose),  each  excitation  produces  a prolonged  series 
of  contractions,  lasting  thirty  or  more  seconds,  and  the  ven- 
tricular action  becomes  extremely  incoordinate.  Veratria, 
then,  increases  not  only  the  expenditure  of  force  set  free  by 
each  excitation,  but  it  lessens  or  destroys  the  conditions 
which  make  the  action  of  the  ventricle  coordinate.  These 
effects  veratria  produces  by  its  direct  action  on  the  muscu- 
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lar  tissue,  since  they  were  obtained  with  the  lower  two 
thirds  of  the  ventricle,  a part  free  from  nervous  ganglia. 

Temperature  strikingly  influences  the  action  of  veratria  on 
the  ventricle.  A small  dose  greatly  affects  the  ventricle  at 
a moderate  or  high  temperature,  but  at  a low  temperature 
produces  no  effect;  and  at  a low  temperature  a large  dose, 
whilst  greatly  increasing  the  duration  of  the  contraction 
(increased  expenditure  of  force),  only  slightly  incoordinates 
the  action.  It  is  probable,  therefore,  that  the  temperature 
of  fever  modifies  the  influence  of  remedies,  and  that  vera- 
tria affects  the  heart  more  powerfully  in  fever  than  in 
health. 

The  incoordinate  action  is  produced  mainly,  if  not  exclu- 
sively, by  incoordinate  dilatation  ; one  portion  dilates  and 
forms  a pouch,  whilst  the  rest  remains  contracted.  After 
each  excitation  there  is,  first,  a coordinate  contraction,  but 
then  some  portions  remain  contracted  longer  than  others^  so 
that  irregular  dilatation  ensues. 

Veratria,  therefore,  affects  the  heart  much  as  it  affects  the 
skeletal  muscles.  With  a skeletal  muscle  veratria  enormous- 
ly prolongs  the  contraction  and  yet  longer  its  relaxation. 
When  the  relaxation  is  complete  well-marked  fibrillary  con- 
tractions set  in,  lasting  many  seconds,  but  produce  no  short- 
ening of  the  muscles.  These  effects  are  not  due  to  the  in- 
fluence of  veratria  on  the  nervous  system,  for  they  occur,  I 
find,  when  the  motor  nerves  are  completely  paralyzed  by 
curare.  With  the  skeletal  muscles,  then,  veratria  produces 
an  increased  expenditure  of  force,  with  incoordinate  action 
of  the  fibrillae. 

In  the  muscular  tissue  (as,  indeed,  in  nervous  and  secre- 
tory tissues)  we  have  not  only  the  fuel  whose  combustion 
supplies  the  force  to  the  tissue,  but  we  have,  besides,  a mech- 
anism to  convert  the  liberated  force  into  muscular  motion, 
nervous  action,  or  secretion.  There  must  also  be  a median- 
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ism  to  regulate  the  amount  of  energy  developed,  and  to  co-^ 
ordinate  the  action  of  muscular  and  nervous  tissues.  A poi- 
son may  affect  the  combustibility  of  the  fuel,  or  the  mech- 
anisms, or  both,  and  so  paralyze  a structure.  Veratria,  I 
venture  to  suggest,  disorders  the  machinery,  and  so  causes 
at  first  an  increased  expenditure  of  energy,  then  incoordi- 
nate action,  and  at  last  complete  paralysis. 

The  action  of  veratria  on  muscle  is  in  many  respects  com- 
parable with  the  effect  of  strychnia  on  the  spinal  cord. 
Instead  of  a coordinated  response  of  short  duration,  an  ex- 
citation calls  forth  from  a strychnized  cord  a prolonged  and 
incoordinated  action.  The  slightest  excitation  spreads 
throughout  the  cord  and  causes  a general  evolution  of  force, 
lasting  a considerable  time. 

Like  veratria  on  muscle,  strychnia  weakens  or  destroys 
those  conditions  in  the  cord  which  determine  the  amount  of 
force  evoked  by  an  excitation  ; hence  the  prolonged  effect 
of  an  excitation  on  the  strychnized  cord.  At  the  same  time, 
strychnia  destroys  the  mechanism  which  coordinates  action, 
so  that  the  response  is  incoordinate. 

Continued  strong  faradization  affects  the  heart  much  like 
veratria.  Under  the  influence  of  a strong  interrupted  cur- 
rent the  ventricle  becomes  contracted,  then  small  bulgings 
occur,  sometimes  at  one  portion  and  then  at  another,  and 
these  bulgings  immediately  contract  again.  After  a time 
the  bulgings  increase  in  size,  and  then  both  systole  and 
diastole  become  most  irregular. 

If  a poison  can  cause  incoordinate  action  by  its  direct  ac- 
tion on  the  muscular  tissue,  and  independently  of  its  action 
on  the  nervous  tissue,  it  is  probable  that  disease  of  the 
muscular  tissue  may  also  cause  muscular  incoordination. 
The  fibrillary  twitchings  in  progressive  muscular  atrophy, 
which  are  so  similar  to  the  fibrillary  movements  after  poi- 
soning by  veratria,  are  probably  due  to  changes  affecting 
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the  muscular  machinery ; also  some  cases  of  irregular  ac- 
tion of  the  heart  are  probably  due  to  disease  of  the  muscu- 
lar substance,  and  not  of  the  cardiac  nervous  apparatus. 

Further,  the  lower  two  thirds  of  the  ventricle,  the  portion 
free  from  nerves,  contracts  coordinately,  spontaneously,  or 
when  excited  ; and  this  implies  a coordinating  mechanism 
which  disease  may  destroy,  and  so  produce  incoordination. 

Atropia  in  some  respects  antagonizes  the  action  of  vera- 
tria,  for  atropia  stops  or  greatly  lessens  the  irregularities, 
though  the  heart’s  action  becomes  much  weaker. 

Traces  viii,  viii  {a).,  and  ix,  show  the  antagonizing  effect 
of  atropia. 


Explanation  of  Plates. 

Effect  of  veratfia  with  a high  temperature. 

Trace  i. — With  the  whole  ventricle,  which  did  not  beat  spon- 
taneously. A.,  Effect  of  5 minims  of  i-in-500  solution  of  veratria 
added  at  the  point  indicated  by  the  arrow.  Nine  minutes 
later.  C,  After  an  additional  20  minims  of  the  solution. 

Trace  ii. — With  the  whole  ventricle,  which  did  not  beat  spon- 
taneously. Well  shows  the  effect  of  a single  excitation,  after  a 
larger  dose  of  poison.  Here  there  are  no  undulations  in  the  early 
part  of  trace  following  the  excitation,  even  with  the  aid  of  a lens. 
After  40  minims  of  i-in-500  solution. 

Effect  of  verat7ia  with  a temperature  between  60°  and  *JQ>°  Fah. 

Trace  iii  was  obtained  with  the  lower  two  thirds  of  the  ventricle, 
a portion  of  the  heart  free  from  nervous  ganglia.  It  is  a good  in- 
stance of  the  effect  of  veratria  when  the  temperature  of  the  blood 
is  between  60°  and  70°.  As  the  effects  from  this  segment  of  the 
ventricle  are  the  same  as  those  which  occur  when  the  entire  ven- 
tricle is  used,  it  is  evident  that  the  veratria  manifests  its  action  on 
the  muscular  tissue. 

As  with  a higher  temperature,  so  veratria  with  a moderate 
temperature  first  prolongs  each  contraction.  Then  each  exci- 
tation induces  two  contractions  ; but  as  the  second  contraction 
does  not  begin  till  the  completion  of  the  first,  they  remain  dis- 


290 

8 


THE  ACTION  OF  VER ATRIA. 


tinct,  instead  of  being  blended,  as  happens  when  the  temperature 
is  higher.  Next  the  trace  becomes  affected,  as  with  higher  tem- 
peratures, and  need  not  be  more  fully  described  here.  This  por- 
tion of  the  ventricle  did  not  beat  spontaneously.  A.,  Before  ve- 
ratria.  B.,  After  5 minims  of  i-in-500  solution.  The  indicates 
the  excitation.  It  is  seen  that  each  excitation  induces  two  con- 
tractions. C,  After  a larger  dose.  B,  After  a still  larger  dose. 

Trace  iv. — With  the  whole  ventricle.  Shows  the  gradual  develop- 
ment of  the  veratria  effect.  A^  Before  veratria.  B,  Five  minims 
of  i-in-500  solution  added  at  the  point  indicated  by  the  arrow. 
C,  Eighteen  minutes  after  veratria.  B>,  About  forty  minutes  after 
veratria. 

Trace  v. — Shows  the  effect  produced  by  a large  dose  at  a mod- 
erate or  high  temperature.  Each  rise  becomes  broader,  then  co- 
alesces with  its  fellow  ; that  is,  one  contraction  begins  before  the 
previous  one  ends,  and  at  last  forms  nearly  a straight  line  raised 
high  above  the  base  line. 

This  trace  was  taken  with  the  whole  ventricle.  At  the  arrow 
ten  minims  of  i-per-cent.  solution  of  veratria  was  added. 

I now  give  the  effect  of  veratria,  with  blood  cooled,  by  a freezing 
mixture,  down  to  8°  or  to°  Fah. 

Trace  vi. — With  the  whole  ventricle.  .A,  Before  veratria  and 
after  the  blood  was  cooled  to  about  8°  to  10°  Fah.  B,  About  nine 
minutes  after  15  minims  of  i-per-eent.  solution  of  veratria. 
C,  About  eighteen  minutes  after  veratria.  B>,  Later  effect. 

Sometimes  even  at  a low  temperature  veratria  in  large  doses  in- 
coordinates the  ventricle,  but  in  a far  less  degree  than  when  the 
temperature  is  high.  This  is  exemplified  in  trace  vii,  which  also 
shows  the  alternating  effect  first  of  cold,  then  of  heat,  and  then 
again  of  cold. 

Trace  vii. — With  the  whole  ventricle.  A,  Temperature  of  blood 
63°  F.  B,  Temperature  of  blood  45°  to  46°  F.  C,  Two 

minutes  after  15  minims  of  i -per-cent,  veratria  solution.  Temper- 
ature of  blood  43°  F.  At  first  there  occurred  decided  irregularity. 
B,  About  eight  minutes  after  veratria.  B,  eighteen  minutes 
after  veratria.  Temperature  of  blood  40°  F.  I then  removed 
the  ice-and-salt  mixture.  B,  Thirty-six  minutes  after  veratria. 
Temperature  of  blood  64°  F.  Here  after  the  rise  a decided 
fall  took  place,  and  for  some  time,  eight  to  ten  seconds,  the 
trace  remained  at  the  same  point,  and  then  suddenly  fell.  Whilst 
it  remained  horizontal,  and  before  the  final  sudden  fall,  very 
distinct  frequent  peristaltic  action  occurred,  generally  proceed- 
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ing  from  base  to  apex.  After  the  final  fail  this  ceased.  6", 
forty-five  minutes  after  veratria,  temperature  of  blood  8i°  F. 
Here  the  tracing  is  the  same  as  in  the  last,  except  that  the  pri- 
mary fall  was  greater  and  the  final  fall  very  slight.  I then  raised 
the  temperature  of  the  blood  to  86°  F.  and  the  heart’s  action 
grew  very  weak  and  infrequent.  H,  fifty-four  minutes  after 
veratria,  blood  8b°  F.  I then  again  applied  the  freezing  mixture. 
/,  Sixty-three  minutes  after  veratria,  blood  59°  F.  Here,  again, 
after  the  primary  fall  and  before  the  final  fall,  well-marked  fre- 
quent peristalsis  occurred.  AT,  Seventy-four  minutes  after  vera- 
tria, blood  41°  F. 

Tracings  s /towing  tJie  antagonizing  effect  of  atropia. 

Trace  viii. — With  the  whole  ventricle,  temperature  of  blood 
about  90°  Fall.  Effect  of  5 minims  of  i -in-500  veratria  solu- 
tion. At  the  point  indicated  by  the  arrow  10  minims  of  i -per- 
cent. solution  of  sulphate  of  atropia  were  added.  At  the 
arrow  other  10  minims  of  i-per-cent.  atropia  solution  added. 

Trace  viii  [a).  Temperature  between  60°  and  70°  Fah.  A, 
Before  veratria.  Effect  of  5 and  10  minims  of  i-in-500  solu- 
tion of  veratria.  C,  Shows  the  effect  of  atropia  ; at  the  arrow  20 
minims  of  i -per-cent,  solution  of  sulphate  of  atropia  added. 

Ten  minutes  later. 

Trace  ix. — With  the  whole  ventricle,  temperature  of  blood  66° 
Fah.  Before  veratria.  After  30  minims  of  i -in-500  solu- 
tion of  veratria.  The  notch  in  this  trace  was  due  to  a broad 
peristaltic  wave  of  dilatation  and  contraction,  and  shows  that  when 
this  is  large  enough  it  affects  the  trace;  at  other  times,  when 
smaller,  as  previous  traces  show,  the  trace  is  unaffected.  C,  After 
70  minims.  Z>,  After  10  minims  of  i -per-cent,  solution  of  sul- 
phate of  atropia.  About  a minute  later. 
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tion,  now  in  another,  but  in  every  case  there  has  been 
some  effect  in  both  directions. 

It  was  mentioned  at  the  outset  that  the  ligature  was  not 
always  exactly  in  the  auriculo-ventricular  groove  ; this, 
however,  does  not  introduce  an  error,  for  the  action  of  the 
drugs  was  tested  on  a rhythmically  contracting  tissue,  and 
this  in  all  cases  was  secured. 

The  question  now  arises,  are  the  two  manifestations 
above  mentioned  intimately  connected  one  with  the  other, 
so  that  action  on  the  one  necessarily  involves  action  on 
the  other  ? or  may  they  be  more  or  less  dissociated  from 
one  another,  and  separately  subject  to  influence  ? The 
former  supposition,  viz.  that  of  an  intimate  connection 
underlying  the  dual  manifestation,  requires  for  proof  evi- 
dence of  such  union  in  the  shape  of  constancy  of  relation, 
both  in  kind  and  degree,  i.e.  qualitative  and  quantitative. 
If  closely  united,  the  evidence  of  such  must  be  that  they 
move  together  in  some  deflnite  direction  at  some  definite  rate. 

On  the  other  hand,  the  proposition  that  they  are  dis- 
sociated requires  the  negative  evidence  of  absence  of  any 
constant  relation,  qualitative  or  quantitative — the  demon- 
stration that  they  do  not  move  together. 

The  consideration  of  this  subject  necessitates  the  use  of 
terms  in  place  of  the  phrases  value  of  each  beat,^^  fre- 
quency of  contraction.^^  For  the  former  the  word  con- 
tractility,  as  naming  the  underlying  element,  may  be 
substituted  ; for  the  latter  the  term  “ excitability  has 
been  selected.  The  term  is  not  without  objection,  and 
must  be  taken  in  the  wide  significance  of  conditions 
antecedent  to  the  contraction.^^  These  conditions  are,  o£ 
course,  causal,  but  whether  they  be  of  the  nature  of  con- 
ditions generating  the  stimulus,^^  or  conditions  preparing 
the  contractile  tissue  for  the  stimulus,  i.e.  rendering  the 
stimulus  available,^^  must  be  left  undiscussed.  The  terms 
being  thus  defined,  we  have  to  consider  whether  excitability 
and  contractility  must  be  associated  or  may  be  dissociated. 

What  do  we  actually  find  ? In  one  case  we  note 
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increased  frequency  attending  increased  height  of  beat,  in 
another  increased  frequency  attending  diminishing  height ; 
and  examples  of  this  are  to  be  found  not  only  in  the  case  of 
different  hearts,  but  even  in  the  same  heart  it  may  be  found. 
Thus  the  ammonia  salts,  e.g.  the  chloride  or  bromide, 
frequently  show  a primary  increase  of  frequency  even 
during  the  stage  of  increased  height  of  beat,  and  this 
increased  frequency  is  not  only  maintained  but  may  even 
go  on  increasing  as  the  height  of  the  trace  steadily  falls. 
Thus,  there  is  no  constant  qualitative  relation  between 
contraction  rate  and  contraction  height. 

Again,  in  one  and  the  same  heart  we  note  as  the  effect 
of  a drug  at  one  time  marked  effect,  say  on  excitability, 
with  no  appreciable  effect  on  contractility ; a little  later, 
and  with  no  noticeable  effect  on  excitability,  the  stress 
now  falls  on  contractility. 

Potash  salts  illustrate  this  very  well.  Thus,  the  first 
additions  as  a rule  are  followed  by  slowing,  to  the  extent 
may  be  of  doubling  the  length  of  the  intervals,  with  scarcely 
any  effect  on  the  height  of  the  beats  ; a little  later  on,  and 
with  almost  unchanged  rhythm,  the  beats  may  diminish 
by  two  thirds  within  the  short  space  of  seven  beats. 

Thus,  then,  even  the  same  heart  shows  no  quantitative  re- 
lation that  is  constant  between  excitability  and  contractility. 

One  might  multiply  evidence  in  the  same  direction. 
Thus,  quite  suddenly  a heart,  beating  at  intervals  of  fifteen 
to  twenty  seconds,  will  start  off  at  a rate  five  to  ten  times 
as  fast,  with  little  if  any  variation  in  height  of  beat.  But 
sufficient  has  been  said  to  prove  that,  whatever  underlies 
these  two  manifestations,  which  are  measured  by  contrac- 
tion rate  and  contraction  height y they  may  be  separately 
influenced,  and  therefore  so  far  are  distinct. 

Hence  one  may  speak  of  a drug  as  acting  on  either 
excitability  or  contractility,  and  the  results  already  given 
may  be  more  briefly  and  clearly  summed  up  as  follows  ; 

In  the  case  of  the  drugs  already  examined,  and  prob- 
ably in  all  cases,  the  action  is  not  exclusively  on  either 
excitability  or  on  contractility  ; both  are  affected. 
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The  degree^  however,  in  which  one  or  other  suffers 
varies  with  different  drugs.  Thus,  with  regard  to  the 
salts  of  the  three  different  bases,  sodium,  ammonium,  potas- 
sium, the  effect  on  excitability  varies  greatly ; and,  whilst 
potassium  salts  strongly  affect  excitability,  sodium  and 
ammonium  salts  affect  excitability  relatively  but  slightly. 
And  thus,  whilst  with  potassium  salts  it  was  the  exception 
not  to  get  permanent  arrest  of  spontaneous  beats  before 
contractility  was  destroyed,  with  sodium  and  ammonium 
salts  it  was  the  exception  when  spontaneous  beats  did  not 
continue  up  to  the  very  end,  and,  moreover,  with  a final 
frequency  little  short,  often  in  excess,  of  the  original 
frequency. 

Though  there  is  this  broad  division  into  potassium  salts 
on  the  one  hand  and  ammonium  and  sodium  salts  on  the 
other,  the  salts  of  ammonium  and  potassium  form  the 
extremes,  those  of  sodium  being  intermediate,  affecting  as 
they  do  excitability  rather  more  than  ammonium.  As  to 
the  action  on  contractility,  the  quantities  of  the  drugs 
used  constitute  the  measure  of  this  action,  since  in  each 
case  the  contractility  was  reduced  to  nil.  On  examining 
the  table  of  quantities  it  will  be  seen  that  a very  different 
relation  now  obtains.  Potassium  and  ammonium  come 
very  close  together,  whilst  sodium  is  widely  separated. 
The  two  former  are  so  near  numerically  that  it  would  be 
unsafe  to  draw  inferences  from  the  differences  in  the  actual 
numbers  ; in  passing  to  sodium  the  highest  estimate,  in  the 
case  of  the  chloride,  bromide,  and  iodide,  would  give  the 
relation  as  one  to  ten,  the  sodium  salts  being  one  tenth  as 
poisonous  as  those  of  ammonium  and  potassium. 


Table  of  quantities. 


Quantity  in  grs. 

Potassium  hydrate  ....  1*35 


Chlobide. 
Quantity  in  grs. 

Sodium  . 29‘77 
Ammonium  2’93 


Beomide.  Iodide. 

Quantity  in  grs.  Quantity  in  grs. 

51-7  ...  84-24 

3-7  ...  6-3 


Relation  of  molecu- 
lar weights. 

58-5  : 103  : 150 
53-5  : 98  : 145 


Potassium  2 46  ...  3-28 


3-16  ...  74-5  : 119  : 166 
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CiTEATK. 

Sodium  . . 16‘66 

Amiuoniura  . 3'3 

Potassium  . 2'46 


Molecular  weights  having  equal  number  of  atoms 
of  base. 

357 

339 

324 


In  the  above  the  only  column  which  perhaps  requires 
explanation  is  that  giving  the  relation  of  the  molecular 
weights.  The  object  of  this  was  to  see,  if,  taking  a given 
base,  any  relation  could  be  traced  between  the  action  of 
its  salts  as  here  tested  and  the  molecular  weights  of  the 
same  salts. 

There  does  appear  to  be  some  such  relation  in  the  case 
of  the  sodium  salts  of  chlorine,*  bromine,  and  iodine. 
But  this  fails  in  the  case  of  the  ammonium  and 
potassium  salts,  and  so,  the  results  obtained  do  not  point 
in  any  one  direction.  Obviously,  however,  a very  much 
larger  number  of  experiments  would  be  needed  to  arrive  at 
any  definite  conclusions,  positive  or  negative,  on  this 
point. 

One  must  be  careful  not  to  take  effect  on  contractilty 
as  the  exclusive  measure  of  poisonous  action. 

Arrest  of  the  contractions  rather  should  be  taken  to 
represent  the  poisonous  action,  and  this  we  have  seen 
may  happen  in  two  ways,  by  the  action  on  contractility , 
and  by  the  action  on  excitability.  Hence  though  as 
to  the  first  ammonium  and  potassium  show  but  little 
difference,  as  to  the  latter  they  diverge  widely,  and 
potassium  stands  as  by  far  the  more  powerful  poison. 

The  recognition  of  the  above  has  especial  importance 
from  a clinical  standpoint,  for,  if  we  be  dealing  with 
the  functions  of  an  organ,  the  arrest  of  such  functions 
concern  us  more  immediately  than  the  precise  mode  in 
which  such  arrest  is  effected.  And  if  a drug  threaten 
in  two  directions,  the  dosage  must  take  both  of  these 
into  account. 

Accordingly,  represented  in  descending  order,  we  have  : 

Potassium  salts,  most  poisonous,  both  excitability  and 
contractility  powerfully  affected. 
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Ammonium  salts,  next  in  order,  contractility  suffers 
almost  alone. 

Sodium  salts,  least  poisonous,  contractility  suffers  chiefly, 
but  excitability  is  more  affected  than  in  the  case  of 
ammonium  salts. 

Further,  it  must  be  remembered  that  sodium  salts  are 
not  only  least  poisonous  of  the  three,  but  are,  indeed,  very 
weak  poisons  as  compared  with  both  potassium  and 
ammonium  salts. 

The  iodides  and  bromides  of  potassium  and  ammonium 
are  so  largely  used  that  the  importance  of  the  foregoing 
is  apparent  if  no  further  conclusion  than  this  be  drawn  : — 
that,  the  action  on  one  tissue  being  selected  and  all  other 
conditions  being  kept  as  far  as  possible  identical,  if  one 
drug  prove  itself  more  active  than  another,  it  is  at  least 
not  improbable  that  this  same  drug  will  also  prove  itself 
more  active  under  the  more  complex  conditions  presented  by 
the  organism  as  a whole. 

A very  guarded  conclusion  is  obviously  the  only  one 
that  can  be  drawn  when  one  passes  as  here  from  simple 
to  very  complex  conditions,  but  the  above  conclusion  is 
surely  warranted. 

Hence  these  experiments  would  suggest  the  substitution 
of  the  bromides  and  iodides  of  sodium  for  those  of 
ammonium  and  potassium,  and  the  use  of  those  of  am- 
monium preferably  to  those  of  potassium  ; but  the  very 
wide  gap  separating  sodium  salts  from  both  ammonium 
and  potassium  points  especially  to  the  use  of  the  flrst,  and 
the  more  so  that,  so  far  as  clinical  evidence  goes,  it  is  to 
the  effect  that,  therapeutically,  the  salts  of  sodium  and 
ammonium  are  as  powerful  as  those  of  potassium. 

In  conclusion,  one  or  two  points  may  be  touched  upon. 
The  very  slight  degree  of  poisonous  action  of  the  chloride, 
bromide,  and  iodide  of  sodium,  was  such  that  very  large 
quantities  of  the  drugs  had  to  be  added,  so  much  so,  that 
physical  changes,  such  as  osmosis,  became  probably  im- 
portant factors  in  the  arrest  of  the  heart.  This,  of  course, 
would  not  affect  the  previous  statements,  but  would  rather 
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place  still  lower  in  the  scale  of  poisonous  action  the  above 
sodium  salts,  for  clinically,  the  doses  given  would  never 
even  approach  those  here  used,  so  that  physical  conditions 
would  scarcely  become  factors  in  their  therapeutic  action. 

These  physical  conditions  may,  however,  account  for 
the  peculiar  occurrence  of  piling  up  under  the  influence 
of  continuous  faradisation,  which  phenomenon  was  constant 
for  the  above  sodium  salts,  and  which  Fig.  YII  illustrates. 

It  will  be  seen  further  on  that  with  sodic  citrate,  of 
which  salt  considerably  smaller  quantities  were  used,  this 
phenomenon  did  not  appear. 

Another  point  which  touches  a^subject  of  very  great 
importance  may  also  be  noticed.  Looking  over  the  results 
obtained,  it  will  be  seen  that  the  chlorides,  bromides,  and 
iodides  of  potassium  closely  resemble  each  other  in  their 
action  ; the  same  is  true  of  the  ammonium  salts.  The 
sodium  salts  are  best  not  considered  here,  since  the  physical 
elements  introduced  might  obscure  any  such  relation 
existing.  The  facts  then  to  be  put  together  are  : — that 
salts  resembling  each  other  in  having  a common  base 
resemble  each  other  in  their  action. 

The  statement,  that  of  a series  of  salts  with  the  same 
base,  the  poisonous  action  is  dependent  on  the  base  is  not 
new,  certainly  with  regard  to  potassium  salts.  These  ex- 
periments, so  far  as  they  go,  tend  to  confirm  this  state- 
ment, which,  however,  can  scarcely  represent  the  whole 
truth,  for  looking  back  at  the  table  of  quantities,  it  will 
be  seen  that  the  citrate  of  potash  is  as  poisonous  as  the 
chloride,  and  rather  more  so  than  the  iodide  and  bromide ; 
it  will  be  said,  this  is  in  direct  opposition  to  clinical 
evidence. 

It  would  be  so,  if  one  is  to  hold  that  the  frog^s  heart 
as  here  used  takes  into  account  the  whole  action  of  the 
drug,  but,  if  a salt  do  not  act  as  a whole  but  individual 
elements  composing  it  keep  their  identity,  so  far  as 
action  goes,  then  one  must  assume  that  one  side  or  aspect 
of  the  drugs  examined  is  here  left  out,  and  that  the  test 
is  an  imperfect  one. 
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This  again  does  not  invalidate  the  conclusions  drawn, 
for,  given  the  bromide,  say  of  three  different  bases,  and 
that  the  basic  element  alone  is  taken  account  of,  one 
must  assume  that  the  unaccounted-for  bromine  element 
being  constant  in  all  three,  may,  after  the  manner  of  all 
constants,  be  disregarded,  and  the  salts  be  represented 
relatively  in  terms  of  their  differences,  i.e.  of  their  bases. 


The  Citrate  Group. 

These  organic  salts  were  chosen  in  order  to  contrast 
them  with  the  very  definite  group  of  the  iodides,  bromides, 
and  chlorides  amongst  inorganic  salts. 

Citrates  of  soda,  ammonia,  and  potash. 

Of  soda  and  potash  the  tribasic  salts  were  employed, 
of  ammonia  the  di-ammonic  salt. 

With  reference  to  the  quantities  used,  an  important 
element  is  the  water  of  crystallisation,  which  varies  in  the 
above  three  salts.  Thus  : 

The  molecule  of  tri-potassic  citrate  con- 
tains one  molecule  of  water  of  crys- 
tallisation   + 1 Aq.  Mol.  wt.  = 324 

That  of  tri-sodic  citrate,  5*5  of  water, 
the  crystals  having  the  composition  . 2Na3C®Hg07  + llAq.  „ = (357)2 

That  of  di-ammonic  citrate,  none  . (NHJjHC^HgOy  „ =226 

The  quantity  of  ammonic  citrate  which  would  contain 
the  same  number  of  atoms  of  the  radical  ammonium  as  the 
sodium  and  potassium  salts,  i.e.  three,  would  be  represented 
by  the  number  339.  So  that  approximately  equal  weights 
of  all  three  salts  would  contain  the  same  number  of  atoms 
of  potassium,  sodium,  ammonium. 

Tri-sodic  citrate. — This  salt  affects  frequency  but  slightly, 
and  so  long  as  the  contractions  are  visible,  rhythm  is 
manifest. 

One  case  out  of  the  six  was  somewhat  exceptional,  here 
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the  effect  on  frequency  was  much  more  marked  in  the 
way  of  slowing,  though  even  here  in  the  final  stages  there 
reappeared  a faint  waviness  of  the  trace,  indicating  faint 
spontaneous  contractions. 

The  effect  of  continuous  faradisation  was  certainly  not 
diminished,  if  anything,  it  was  increased.  Even  after 
the  beats  had  completely  ceased  or  had  been  reduced  to  a 
minimum,  complete  tetanus,  though  of  a low  altitude,  was 
obtained. 

In  no  case  was  the  piling  up  obtained,  which  the 
chlorides,  bromides,  and  iodides  of  sodium  showed,  when 
continuous  faradisation  was  applied  after  the  heart  had 
been  arrested  by  the  drug. 

The  stress,  as  a rule,  fell  early  on  contractility,  the 
contractions  growing  feeble  rather  rapidly,  whilst  rhythm 
suffered  but  slightly.  In  four  out  of  the  six  cases,  and 
doubtfully  in  a fifth,  a certain  amount  of  recovery  took  place 
under  the  action  of  the  drug,  i.e.  the  beats  after  reduction 
to  a certain  point,  increased  again  slightly  in  spite  of 
continued  addition  of  the  drug.  The  recovery  was  not, 
however,  of  long  duration. 

The  early  and  sudden  action  on  the  height  of  the  trace 
is  noteworthy,  in  five  out  of  the  six  cases  it  was  marked, 
so  that  by  far  the  larger  amount  of  the  drug  was  spent 
in  destroying  the  small  residuum  of  contractility  remaining 
after  the  above  primary  effect. 

The  quantities  employed  were  : 


I. — Dec.  31.  Temp,  of  room  8°.  Quantity  16  c.c. 


II. 

31. 

8-5° 

99 

14 

III. 

—Jan. 

2. 

11° 

99 

12-5 

IV. 

>> 

2. 

>9 

12-5° 

99 

13 

V. 

6. 

99 

17° 

99 

5 

VI.- 

6. 

99 

17° 

99 

5 

65-5 

Average  10'83 

C.C.  = 1-083 

grins.  = 

16-66 

grains. 

Citrate  of  ammonia  — In  all  six  expe- 

riments spontaneous  beats  occurred  up  to  the  very  end. 
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i.e.  SO  long  as  contractility  remained.  As  to  quickening 
or  slowing  no  constant  effect  was  produced,  but  in  two, 
out  of  the  six,  an  effect  similar  to  that  caused  by  potash 
obtained,  viz.,  a rather  sudden  slowing  of  the  rhythm, 
with  no  appreciable  change  in  contractility.  As  was  the 
case  with  soda,  a certain  amount  of  recovery  occurred  after 
the  beat  had  been  primarily  reduced. 

With  respect  to  faradic  excitability,  here,  as  with  the 
soda  salt,  there  was  certainly  no  diminution,  at  any  rate 
so  long  as  the  height  of  the  beats  were  of  sufficient  value 
to  give  definite  results  in  this  direction.  If  anything,  the 
change  was  towards  increase. 

When  the  contractility  had  been  destroyed  by  the  drug 
and  single  stimuli  were  without  influence,  continuous  fara- 
disation was  equally  without  effect,  ^’.e.  no  piling  up  obtained. 

In  four  out  of  the  six  cases  there  was  distinct  primary 
increase  in  height  of  beat,  in  one  it  was  doubtful,  in  one 
the  only  effect  was  a broadening  of  the  beat.  The  stage 
of  increase  was  of  but  short  duration.  The  recovery 
before  mentioned  occurred  in  four  out  of  the  six  cases ; it 
took  place  after  reduction  of  the  beat  to  a very  small  quan- 
tity, and  was  but  very  slight.  The  decline  in  the  height 
of  the  beats  was  gradual  in  some,  in  others  occurred 
rather  rapidly. 

Quantities  : 


T. — Dec. 

30. 

Temp,  of  room  10°. 

Quantity  2‘4 

II.—  „ 

30. 

>9 

0 

O 

99 

3-3 

III. — Jan. 

4. 

15° 

99 

3 

IV.—  „ 

4. 

>9 

16° 

99 

4 

V.-  „ 

5. 

99 

ir 

99 

3*9 

VI.-  „ 

5. 

99 

18° 

99 

3-4 

200 

Average  3 3 c.c.  = 0'33  grms.=5‘09  grains. 


Citrate  of  potash. — The  effect  of  this  salt  was  primarily  to 
slow  the  rhythm.  This  set  in  early,  appearing  as  a rule 
after  the  first  dose,  though  it  often  went  on  increasing 
with  the  first  few  doses.  As  a rule,  this  early  effect  was 
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without  a corresponding  effect  on  the  height  of  the  beat  ; 
thus  the  rate  might  be  reduced  by  one  half  with  little 
noticeable  effect  on  the  height  of  the  trace. 

Complete  inhibition  did  occur  in  five  out  of  the  six 
cases,  but  not  till  the  beat  had  been  greatly  reduced,  viz. 
to  Jth,  ^th  (3th — tth),  3th,  3th  respectively,  of  the  original 
height  of  the  beat.  This  effect,  then,  was  much  less  pro- 
minent than  was  the  case  with  the  chlorides,  bromides, 
and  iodides  of  potassium.  The  primary  slowing  above 
noted  did  not  go  on  increasing  at  the  same  rate,  and  as  a 
rule  a stage  followed  in  which  great  reduction  in  height 
occurred  with  scarcely  appreciable  change  of  rhythm. 

Faradic  excitability  was  markedly  diminished,  and  a cur- 
rent giving  strong  tetanus  before  addition  of  the  drug,  finally 
failed  to  give  any,  or  indeed  only  an  initial  contraction. 

When  the  heart  had  been  arrested  by  the  drug  and 
single  shocks  caused  no  effect,  continuous  faradisation 
was  equally  without  effect. 

There  was  no  primary  increase  in  the  height  of  the  beat, 
but  decline  from  the  very  commencement ; but  whilst  in 
the  early  stage  the  stress  appeared  to  fall  on  rhythm — 
the  decline  in  height  being  very  slight — later  on  the 
« effect  on  contractility  became  marked,  the  trace  in  some 
falling  rapidly  without  corresponding  effect  on  rhythm. 

Quantities  : 


I. — Dec.  29. 

Temp,  of 

room  7°. 

Quantity  0’9  c.c. 

11.—  „ 29. 

9> 

7-5° 

yy 

1-8 

111. — Jan.  3. 

» 

15° 

yy 

1-8 

IV.—  „ 3. 

16° 

yy 

0*9 

V.—  „ 7. 

y> 

14° 

yy 

2-5 

VI.—  „ 7. 

>9 

14° 

yy 

1*8 

9-7 

Average  1*6  c.c.  = 0*16  grm.  = 2’46  grains. 


The  results  obtained  from  the  citrate  group  may  be 
thus  summarised  : 

Sodium  and  ammonium  salts  affect  excitahility  but 
slightly ; they  arrest  the  heart  by  destroying  contractility , 
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Both  appear,  if  anything,  to  increase /aracZic  excitability. 

Specially  it  must  be  noted,  that  when  the  heart  has 
been  arrested  by  sodium  citrate,  continuous  faradisation 
is  without  effect,  i.e.  no  piling  up  obtains.  And,  further, 
that  the  sodium  citrate  is  much  more  poisonous  than  the 
sodium  salts  of  the  chloride  group. 

With  respect  to  ammonium  citrate,  note  that  a primary 
increase  in  the  height  and  breadth  of  the  trace  is  the  rule. 

Potassium  citrate  affects  both  excitability  and  contrac- 
tility,  but  the  effect  on  excitability  is  much  less  marked 
than  is  the  case  with  the  potassium  salts  of  the  chloride 
group ; still,  the  effect  was  decided,  especially  in  the  end 
stages. 

There  is  nothing  special  as  to  the  action  on  contractility. 
Faradic  excitability  is  diminished  from  the  commencement. 

Comparing  these  results  with  those  of  the  chloride 
group,  we  note  the  agreement  of  the  sodium  and  ammonium 
salts,  in  the  slight  effect  on  excitability,  and  in  the  mode 
in  which  they  arrest  the  heart. 

They  contrast,  however,  in  their  effect  on  faradic  excita- 
bility ; thus,  whilst  the  chloride  group  lessens,  the  citrates 
appear  to  increase  this. 

In  respect  of  sodium  citrate,  the  two  points  specially  men- 
tioned, viz.  relatively  small  dose  and  absence  of  piling  up 
go  together,  and  are  of  importance  in  relation  to  the 
chloride  group,  since  here  we  had  large  dosage,  and  in  all 
cases  the  final  mounting  up  of  the  trace  under  continuous 
faradisation.  The  citrate  results  are  in  conformity  with 
the  view  that  this  mounting  or  piling  up  indicates  physical 
change  in  the  muscular  tissue. 

In  addition  to  the  agreement  above  noted  in  respect  of 
the  effect  on  excitability  and  contractility,  the  ammonium 
citrate  agrees  with  the  ammonium  salts  of  the  chloride 
group  in  its  primary  effect  of  increase  in  height  and  breadth 
of  trace.  The  only  point  of  contrast  hence  is  in  respect 
of  faradic  excitability. 

The  potassium  citrate  contrasts  with  the  potassium  salts 
of  the  chloride  group  in  its  much  slighter  action  on  excita- 
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hility.  Ifc  is  true  complete  inhibition  did  obtain  in  five 
out  of  the  six  cases,  but  the  beat  was  greatly  reduced 
before  such  occurred. 

In  its  influence  on  faradic  excitability,  there  is  agreement 
with  the  chloride  group. 

The  doses  required  to  destroy  contractility  are  for  both 
the  ammonium  and  potassium  citrates  about  the  same  as 
required  in  the  chloride  group.  This  question  of  poisonous 
action  has  been  discussed  with  reference  to  clinical 
experience. 

In  the  case  of  the  salts  of  potassium  we  have  the  most 
complete  series.  Thus  we  have  examined  the  hydrate,  the 
chloride,  bromide,  iodide,  and  the  citrate. 

Taking  the  hydrate  as  the  starting  point,  we  note  here — 

1st.  The  tendency  to  produce  persistent  spasm, 

2nd.  The  tendency  to  produce  inhibition. 

3rd.  The  tendency  to  lessen  faradic  excitability. 

Passing  to  the  chloride  group,  we  note  that  the  tendency 
to  produce  persistent  spasm  has  disappeared,  that  the 
action  on  spontaneous  excitability  is,  however,  still  very 
marked,  also  that  on  faradic  excitability. 

Passing  to  the  citrate  of  potassium,  we  note  the  absence 
of  any  tendency  to  produce  persistent  spasm,  that  the 
action  on  spontaneous  excitability,  i.e.  the  tendency  to 
inhibit,  is  much  diminished  ; that  the  action  on  faradic 
excitability  still  remains,  though  it  is  diflicult  to  state 
comparatively  the  degree  in  which  it  persists. 

With  the  exception,  then,  of  the  persistent  spasm 
feature,  we  note  a similarity  in  the  nature  of  the  action 
running  through  all  these  salts  of  potassium. 

The  ammonium  series  is  less  complete  since  the  in- 
fluence of  the  hydrate  on  the  spontaneous  working  of 
the  heart  could  not  be  so  completely  tested. 

Here  we  note,  however,  that  the  tendency  to  produce 
persistent  spasm  runs  through  all  the  salts  of  ammonium ; 
though  in  the  chloride  group  and  in  the  case  of  the 
citrate,  this  tendency  is  but  slight,  appearing  early  and 
for  only  a short  period. 
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Further,  amongst  the  salts  of  ammonium  there  is  agree- 
ment in  the  negative  quality  of  slight  action  on  rhythm. 

As  to  the  effect  on  faradic  excitability  there  is  no 
agreement,  for  whilst  ammonia  increased  the  above  the 
iodide  lessened  it,  whilst  the  citrate  increased  it.  (The 
chloride  and  bromide  were  not  examined.) 

The  sodium  salts  can  be  less  easily  compared,  for  in 
the  chloride  group,  physical  action  probably  comes  into 
play.  The  persistent  spasm  which  the  hydrate  excites  does 
not  appear  with  any  of  the  salts.  The  action  on  spon- 
taneous excitability  is  slight  as  compared  with  potash 
salts,  and  in  this  respect  there  is  agreement  throughout 
the  sodium  salts.  The  action  is,  however,  more  marked 
than  in  the  case  of  ammonium  salts.  As  to  the  effect  on 
faradic  excitability,  the  sodium  salts  show  as  little  constancy 
of  action  as  those  of  ammonium  ; thus,  whilst  soda  in- 
creases faradic  excitability  the  iodide  lessens  it,  whilst  the 
citrate  shows,  if  anything,  a tendency  towards  increase. 


EXPLANATION  OF  DIAGRAMS. 

Diagram  1. 

Fig.  I. — Illustrating  “genesis  of  tetanus”  by  fusion  of  beats, 
the  result  of  continuous  faradisation. 

a,  b,  c,  show  the  effect  of  increasing  the  strength  of  the 
current,  the  frequency  of  interruption  of  the  primary  current 
remaining  the  same. 

The  figures  above  the  lines  represent  the  positions  of  the 
secondary  coil. 

D,  represents  a later  stage. 

As  the  strength  increases  from  7'5 — 7 — 6,  it  will  be  seen  that  the 
more  complete  tetanus  also  corresponds  with  the  greater  number  of 
contractions.  In  D the  fusion  is  so  complete  that  individual  beats 
are  no  longer  countable. 
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Fig.  II.— Shows  effect  of  sodium  hydrate  on  the  excitability  of  the 
ventricle  to  continuous  faradisation. 

Nov.  25.  Temperature  of  room  16°  0, 

A.  Before  the  addition  of  sodic  hydrate. 

B.  After  25  minims  of  a 1 per-cent,  solution, 

c.  After  75  „ » >, 

Fig.  III. — Shows  similarly  the  effect  of  ammonium  hydrate. 

Nov.  26.  Temperature  of  room  I5’5°  0. 

A.  Before  the  addition  of  ammonium 


Fig.  Ill,  A.  and  b.  (see  above). 

Fig.  IY  . — Shows  effect  of  potassium  hydrate.  A 10  per-cent,  solu- 
tion was  here  used. 

Feb.  12.  Temperature  of  room  16°  C. 

A.  Before  addition. 

B.  10  minutes  later  after  0T5  c.c.  = 2*55  minims.  The 
tetanus  is  here  taken  in  the  earliest  stage  of  the  potash  effect, 
note  the  faint  evidence  of  diastolic  rise. 

c.  10  minutes  from  B,  after  6 minims  in  all.  Note  the  dimi- 
nution of  effect,  together  with  the  presence  of  considerable 
amount  of  persistent  spasm. 

D.  and  E.  are  after  7*6  minims  and  9*3  minims  respectively, 
they  show  progressive  decrease  in  excitability. 

Fig.  Y. — Jan.  28.  Temperature,  16*5°  C.  Bromide  of  ammonium, 
10  per-cent.  Chosen  as  typical  of  the  action  of  ammonium  salts  of 
this  group,  viz.  chlorides,  bromides,  iodides. 

A.  Shows  effect  of  first  addition  of  0*2  c.c.  = 3*4  minims 
also  a few  beats  before  the  addition. 

B.  About  five  minutes  from  first  addition ; 0*6  c.c.  = 10 
minims  have  been  added. 

c.  10  minutes  from  B,  1*8  c.c.  = 30*5  minims  have  been  added. 

D.  2 minutes  from  c,  2*2  c.c.  = 37*3  minims  „ 


hydrate. 

B.  After  the  addition  of  10  minims  of 


1 per-cent,  solution, 
c.  ,,  ,,  24  ,, 

D.  ,,  ,,  55  ,, 


D.  ,,  jj 


Fifty- six  minutes  from  first  dose. 


Diagram  2. 
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Diagram  3. 

E.  Comes  immediately  after  d,  2*4  c.c.  = 40*6  minims  was  the 
total  quantity  added. 

Note  certain  amount  of  persistent  spasm  in  A and  B,  the  beats  are 
too  frequent  for  diastolic  contraction  to  appear  between  the  individual 
contractions. 

Note  slight  irregularity  preceding  the  end  stage. 

Fig.  YI. — Jan.  19.  Temperature  15°  0.  Bromide  of  potassium, 
10  per  cent. 

A.  First  dose  OT  c.c.  = 1*7  minims. 

B.  4 — 5 minutes  later,  after  0*3  c.c.  = 5 ’07  minims 

c.  2 — 3 minutes  later,  fifth  dose  = 0*5  c.c.  = 8'45  minims 

D.  3 minutes  later.  The  last  spontaneous  beat  is  here  repre- 
sented, viz.  after  0*8  c.c.  = 13*52  minims,  so  that  hence  on  there 
was  complete  inhibition. 

E.  10  minutes  later,  1*1  c.c.  and  1*2  c.c.  (18*6  and  20*3  minims) 
= the  quantities  added.  The  beats  are  the  result  of  excitation. 

P.  8 — 9 minutes  later,  after  1*4  c.c.  = 23*7  minims. 

G.  5 minutes  later,  final  stage,  1*7  c.c.  = 28*8  minims,  the 
total  quantity  added. 

Note  the  primary  slowing  in  B and  c,  the  rhythm  was  further 
somewhat  irregular;  in  D,  just  before  complete  inhibition,  there  was 
considerable  irregularity.  The  subsequent  charts  show  that,  though 
inhibited,  contractility  still  remained,  the  figures  above  the  beats 
represent  the  positions  of  the  secondary  coil. 

Fig.  YIT. — Showing  efi’ect  of  continuous  faradisation  after  heart 
has  been  arrested  by  bromide  of  sodium.  The  charts  are  typical  of 
the  chlorides,  bromides,  and  iodides  alone. 

A.  Jan.  24.  Temperature  17*5°  C.  Sodium  bromide  10  per- 
cent. The  effect  of  continuous  faradisation  with  the  secondary 
coil  at  4,  and  at  0 (pushed  home)  is  shown.  The  previous  want  of 
effect  of  single  shocks  is  shown,  and  of  continuous  faradisation  at  6. 

B.  Jan.  27.  Temperature  17°  C.  Sodium  bromide  10  per-cent. 

Similar  to  above,  this  perhaps  represents  the  more  usual  degree  of 

effect  produced. 
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The  influence  of  digitalis  on  tlie  circulation  is,  of  course, 
the  principal  feature  in  the  action  of  this  drug.  The 
primary  slowing  and  increased  vigour  of  contraction  of 
the  ventricle,  the  subsequent  stage  of  irregular  action  as 
the  dose  is  increased,  and  the  final  arrest  of  the  ventricle 
in  full  systole  are  all  well-known  facts.  To  these  must 
be  added,  rise  in  blood-pressure,  an  efiiect  occurring  uni- 
formly, and  which  some  authors  consider  of  chief  import- 
ance ; certain,  at  least,  of  the  cardiac  effects  of  digitalis 
being,  according  to  these,  secondary  to  the  increased 
blood-pressure.  In  a recent  paper  on  the  subject,^ 

’ “ Beitrage  zur  Kenntniss  der  pharmakologlschen  Gruppe  des  Digitalins,” 
‘ Archiv  f . experimentelle  Pathologie  u.  Pharmakologie,’  Bd.  xvi,  p.  149. 
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Sclimiedeberg  thus  classes  the  blood-pressure  effects  in 
relation  to  the  cardiac  effects  : 

1.  Rise  in  blood-pressure  accompanied,  as  a rale,  but 
not  necessarily,  by  slowed  pulse  rate. 

2.  Continuance  of  increased  blood-pressure,  with  in- 
creased pulse  frequence. 

3.  Continuance  of  raised  blood-pressure  with  great 
irregularity  in  the  hearths  action. 

4.  Rapid  fall  in  blood-pressure,  stoppage  of  the  heart ; 
death. 

Schmiedeberg  attributes  the  therapeutic  value  of  digitalis 
alone  to  this  rise  in  blood-pressure ; the  slowing  of  the 
pulse,  which  is  usually  witnessed,  he  holds  to  be  secondary 
to  the  rise  in  blood-pressure,  a reflex  on  the  heart  through 
the  vagi ; the  rise  in  blood-pressure  itself,  however,  he 
makes  dependent  on  the  heart’s  action,  and  he  further 
states  that  it  is  not  attended  by  diminution  in  the  calibre 
of  the  vessels.  To  a consideration  of  the  relation  between 
the  heart’s  action  and  blood-pressure  rise  we  shall  return 
later  on.  What  now  concerns  us  rather  is  the  condition 
of  the  heart  and  that  of  the  arterioles.  Concerning  the 
former  there  is  no  difference  of  opinion,  the  ventricle  is 
admittedly  arrested  in  systole  ; concerning  the  latter  the 
balance  of  evidence  certainly  appears  to  show  that  the 
arterioles  contract  under  the  influence  of  digitalis,^  though 
Schmiedeberg,  as  above  stated,  denies  this.  But,  allowing 
even  that  digitalis  does  cause  the  arterioles  to  contract, 
the  question  still  remains,  how  does  it  do  so  ? On  the 
heart  the  action  is  generally  admitted  to  be  direct,  but 
on  the  vessels  it  is  held  by  most  to  be  indirect,  by  the 
stimulation,  viz.  of  the  vaso-motor  centres  at  the  base  of 
the  brain.  Ackermann  almost  alone  maintaining  that  the 
action  on  the  arterioles  is  direct  (Wood,  op.  cit.  p.  139). 

The  question  is  clearly  one  of  considerable  importance, 
and  it  bears  directly  on  the  definition  of  the  digitalis 
action.  Schmiedeberg,  in  the  before-mentioned  paper, 
enumerates  a long  list  of  bodies  resembling’  digitalis  in 
^ ‘ Consult  Wood,  ‘ Treatise  on  Therapeutic®,’  3rd  edit.,  pp.  138-139. 
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their  action^  and  which  he  classes  as  digitalis  remedies. 
The  definition  of  such  action  being  the  primarily  increased 
vigour  of  the  ventricular  contraction  leading  up  finally  to 
the  systolic  arrest^  together  with  the  blood-pressure  rise. 
The  question  now,  rather,  is  what  is  essential  in  this  action, 
and  whether  we  may  not  take  as  such  the  spasmodic 
condition  of  the  heart,  and  accordingly  define  digitalis 
action  as — the  'production  of  contiimous  spasm  of  the  heart 
muscle  by  direct  action  of  the  drug  on  this  tissue  : this 
spasm  not  being  of  the  nature  of  tetanus,  i.  e.  of  fusion 
of  adjacent  beats,  and  following  on  the  application  of  the 
drug,  either  to  the  whole  heart  or  to  any  limited  portion 
of  the  ventricle,  in  the  latter  case  causing  a local  spasm. 
Thus  defined,  Schmiedeberg^s  already  very  large  group 
will  have  to  be  extended  and  made  to  include,  among 
others,  the  caustic  alkalies  and  barium  chloride,  acetate 
and  nitrate,^  and  very  probably  many  others. 

Taking  this  as  the  definition  of  digitalis  action,  is  it  not 
probable  that  a drug  thus  directly  acting  on  the  muscular 
tissue  of  the  heart  will  likewise  affect  directly  the  muscular 
tissue  of  the  arterioles  ? Indeed,  is  one  not  justified  in 
assuming  that  the  likelihood  of  similar  action  of  one  drug 
on  two  or  more  tissues  will  be  in  proportion  to  the  resem- 
blance existing  between  these,  approaching  certainty  as 
the  tissues  increasingly  resemble  each  other,  becoming 
less  probable  as  they  diverge  ? If  this  be  allowed,  the 
inference  is  not  far  from  the  heart  to  the  arterioles,  and 
given  a particular  action  on  the  one,  we  should  look  for 
similar  action  on  the  other,  and  hence  we  should  expect 
to  find  the  digitalis  (spasmodic)  heart  accompanied  by 
spasm  of  the  arterioles.  This  is,  of  course,  on  the  assump- 
tion that  the  muscular  elements  of  the  arterioles  mav  be 
influenced  directly  by  the  fluids  bathing  them.  For  the 
argument  in  evidence  of  this  we  must  refer  to  Gaskelhs 
paper  on  the  tonicity  of  the  heart  and  blood-vessels.^ 

^ Boehm,  “Ueber  die  Wirkungen  der  Bar^tsalze  auf  den  Thierkorper,” 

‘ Archiv  f . Exp.  Pathologie  und  Pharmak,’  1875,  iii,  pp.  216,  et  seq.  Also 
paper  by  the  writers,  ‘ Brit.  Med.  Journ.,’  Aug.  11, 1883. 

Journ»  of  Physiology,’  vol.  iii,  p;  48. 
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Whilst  bearing  in  mind  the  resemblances  existing 
between  the  muscular  elements  of  the  heart  and  arterioles, 
it  is  necessary  that  we  do  not  lose  sight  of  their  differences. 
These  differences  are  not  merely  structural,  for  functionally, 
whilst  the  muscular  fibres  of  the  heart  and  arteries  resemble 
each  other  broadly,  in  that  they  are  both  forms  of  tissue 
specialised  for  the  function  of  contracting,  they  differ 
widely  in  the  mode  in  which  they  manifest  this  property. 
Contractility  in  the  fully-differentiated  organism,  we  find 
manifested  after  two  modes,  viz.  after  a slow  persistent 
fashion  and  aftel*  a sudden  explosive  fashion.  Non- striated 
and  striated  muscular  tissues  represent  structurally  the  two 
extremes  of  this  functional  difference.  The  slow  per- 
sistent contraction  above  named  is  closely  allied,  if  not 
identical,  with  that  condition  we  name  tonus,  which  is 
specially  characteristic  of  unstriped  muscle.  In  striped 
muscular  tissue,  though  the  sudden  contraction  is  the 
most  striking  characteristic,  yet  the  slow  persistent  form 
is  also  present,  and  we  speak  of  tonus  for  these  muscles 
also.  The  heart  muscle,  according  to  physiologists,  is 
intermediate  functionally  between  the  striped  and  the  un- 
striped tissue;  its  contractions  are  more  sudden  than  those 
of  the  latter,  less  sudden  than  those  of  the  former.  At  the 
same  time  tonus  is  a marked  feature  of  cardiac  muscle. 
Concerning  the  element  rhythm,  which  is  characteristic  of 
plain  muscular  fibre,  and  also  to  a marked  degree  of  the 
heart,  we  do  not  find  this  intermediate  position  maintained. 

Arguiug,  then,  from  this  intermediate  position  of  the 
heart  with  its  affinities  manifested  in  the  two  directions 
of  the  voluntary  and  involuntary  muscles,  we  would  suggest 
that  it  may  be  possible,  from  action  on  the  heart,  to  infer 
in  both  of  these  directions  ; e.  g.  supposing  that  we  find 
that  the  stress  of  action  of  a drug,  applied  to  the  excised 
heart,  show  itself  mainly  as  affecting  the  character  of  the 
beat  itself,  we  should  then  be  led  to  infer  that  the  drug 
will  strongly  affect  voluntary  muscular  fibre,  whilst,  on 
the  other  hand,  should  it  powerfully  affect  the  tone  of  the 
heart,  either  in  the  way  of  increase  or  diminution,  we  should 
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then  conclude  that  it  will  similarly  affect  the  arterioles. 
It  is  essential  to  remember  here  that  we  are  dealing  with 
the  excised  heart,  and  hence  are  inferring  from  the  local 
action  on  this  tissue  to  the  local  action  on  other  tissues. 

We  have  made  the  above  suggestion  as  to  the  possibility 
of  inference  from  the  heart  to  the  voluntary  muscles ; the 
object,  however,  which  we  had  principally  in  view  was  to 
establish  experimentally  the  inference  from  the  heart  to 
the  arterioles ; and,  accordingly,  taking  for  our  starting 
point  the  systolic  heart  of  the  digitalis  group,  we  pro- 
ceeded to  examine  the  direct  action  of  the  members  of 
this  group  on  the  vessels  themselves. 

Mode  of  experimentation. — This  was  the  same  as  that 
adopted  by  Gaskell  in  his  experiments  on  the  direct  action 
of  acids  and  alkalies  on  the  tonicity  of  the  vessels  (op.  cit.), 
but  here,  as  in  our  previous  experiments  with  barium 
chloride,  the  tortoise  was  used  instead  of  the  frog.  The 
exact  method  was  as  follows  : — The  animal  was  pithed, 
care  being  taken  to  destroy  as  completely  as  possible  the 
spinal  cord,  the  shell  sawn  through  transversely  and  the 
soft  parts  divided.  A cannula  was  then  tied  into  the 
abdominal  aorta  distally,  the  hinder  half  of  the  body  alone 
being  used  in  the  experiment.  The  cannula  was  fed  with 
the  required  fluids  by  simple  syphon  action,  and  the  flow 
accordingly  was  into  the  abdominal  aorta  and  out  through 
the  cut  abdominal  veins.  In  order  to  measure  the  rate 
of  flow,  the  preparation  was  placed  on  a tilted  glass  plate 
from  which  the  escaping  fluid  drained  into  a graduated 
glass  measure,  by  which  means  we  were  enabled  to  read 
off  the  amount  of  outflow  for  any  given  interval  of  time. 

The  pressure  employed  varied  slightly  in  the  different 
experiments,  averaging  about  30  centimetres,  but,  during 
each  experiment  it  was  maintained  constant  within  0’5 
centimetre  by  continuous  additions  to  the  supply  vessel, 
which  was  of  large  capacity,  so  as  to  retard  changes  in 
level. 

The  experiments  were  performed  in  May,  June,  and 
July  of  1883.  Each  experiment  lasted  some  considerable 
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time,  two  to  three  hours  or  even  more,  and  inasmuch 
as  the  circulation  of  artificial  saline  fluids  continued  over 
lengthened  intervals  of  time  tends  to  produce  oedema  of 
the  tissues,  which  oedema  may  even  occasion  consider- 
able obstruction  to  the  circulation,^  it  became  necessary 
to  try  the  effect  of  the  circulation  of  the  unpoisoned 
saline,  over  periods  which  would  cover  the  duration  of  an 
ordinary  experiment.  By  this  means  it  was  possible  to 
see  if  the  amount  of  ischsemia  witnessed  after  the  adminis- 
tration of  a drug  could  be  accounted  for  on  the  grounds 
of  oedema  alone. 

Another  point  remained  for  consideration,  viz.  the 
vitality  of  the  tissues.  In  the  case,  for  instance,  of  a 
negative  result,  i.  e.  the  addition  of  the  drug  to  the 
circulating  fluid  remainiug  without  effect  on  the  rate  of 
flow,  the  question  arose  whether  the  tissues  were  still 
vital  and  the  arterioles  still  capable  of  contracting ; this 
question  was  the  more  important  the  longer  the  experiment 
had  lasted.  We  must  here  forestall  the  evidence  as  to 
the  action  of  digitalis,  and  state  that  this  drug  acts  most 
unequivocally  and  most  strongly  in  causing  the  arterioles 
to  contract,  and  that  the  effect  comes  out  so  rapidly  that 
it  is  quite  impossible  it  could  be  other  than  a vital  effect. 
Hence,  in  this  drug  we  had  a means  of  determining  the 
vitality  of  the  tissues,  for  if  at  the  end  of  an  experiment, 
and  after  continued  additions  of  the  drug,  the  flow  still 
remained  unobstructed^ — the  addition  of  digitalis  to  the 
circulation  would  at  once  determine  whether  the  arterioles 
were  still  able  to  contract  and  so  obstruct  the  flow.  In 
the  case  of  negative  results,  accordingly,  this  plan  was 
adopted. 

Two  experiments  were  performed  with  simple  saline,^ 

^ See  experiments  by  Glax  and  Klemensiewicz,  ‘ Sitznngsberichte  d. 
Akademie  zu  Wien/  vol.  Ixxxiv,  Abth.  iuf  p.  216. 

2 The  saline  employed  was  a solution  of  0'6  per  cent,  of  sodium  chloride  in 
tap  water.  It  is  necessary  to  make  this  statement,  since  the  small  quantities 
of  salts  contained  in  ordinary  tap  water  appear  to  exert  important  effects  and 
Inake  the  distinction  between  such  saline  and  that  made  with  distilled  water 
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we  will  quote  the  oue  showing’  the  greatest  variation  in  the 
rate  of  flow. 

June  18th. — Temperature  of  room  17°  C.  ; head  of 
pressure  31  centimetres. 

The  following  numbers  were  observed  : outflow  per  five 
minutes  in  cub.  cents.  80^  85^  95,  82,  88,  83,  78,  75,  70, 
60,  68,  66,  65,  65,  65,  77,  79,  78,  80,  80,  77,  80,  83,  80, 
82,  86,  79,  84,  83,  86,  80,  80,  84,  81,  79,  83,^  35,  15. 

^ Digitaline  solution,  1 per  cent.,  1 c.c.  added  to  the  200  c.c.  of  saline. 

The  second  experiment  showed  a considerably  more 
uniform  rate  of  flow  than  that  here  seen ; but  the  impor- 
tant point  to  note  in  the  above  experiment  is  that  at  the 
end  of  three  hours  the  rate  of  flow  is  undiminished,  and 
that  at  this  time  the  vitality  of  the  tissues  is  still  main- 
tained, as  is  manifest  by  their  immediate  reaction  to 
digitaline,  the  flow  lessening  at  once  from  83  c.c.  to  35 
c.c.  in  the  next  interval  of  five  minutes,  and  thence  to  15 
c.c.  Exactly  similar  results  obtained  for  the  second 
experiment,  the  rate  of  flow  at  the  end  of  three  hours  was 
at  the  highest  figure  recorded  during  the  experiment,  and 
from  this,  viz.  48  c.c.  it  fell,  on  the  addition  of  digitaline, 
at  once  to  25  c.c.,  and  in  the  five  minutes  following  this  to 
4 c.c. 

Digitaline. — The  digitaline  employed  was  obtained  from 
Morson.  The  above  two  experiments  both  show  the  effect 
of  digitalis  in  obstructing  the  circulation  and  the  rapidity 
with  which  this  is  effected.  Of  three  other  experiments, 
made  simply  with  a view  to  test  the  action  of  digitaline, 
the  results  were  in  each  case  similar.  We  will  quote 
only  one. 

May  24th. — Temperature  of  room  24°  C.  ; head  of 
pressure  31  centimetres. 

Outflow  ]per  jive  minutes  in  c.c. — 90,^  88,  80,  84,^  48, 

^ Saline  solution,  0 6 per  eenti  supplied*  ^ Digitaline,  1 per  cent.,  0*5  c.c. 
added  to  the  100  c.c.  saline. 


a very  essential  one,  vide  Ringer,  On  the  influence  exerted  by  the  Consti- 
tuents of  the  Blood  on  the  Contraction  of  the  Ventricle." — ‘ Journal  of  Physio- 
logy/ vols.  iii  and  iv, 
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28,  12,’  6,  9,  17,  24,  31,  34,’’  25,  IQ,  4,®  2,  2,  2,  — , 

- 11. 

* Saline  substituted.  ® Digitaline  saline  again  supplied.  ^ Saline  again 
substituted. 

The  evidence  of  the  other  experiments  was  precisely  to 
the  same  effect,  and  they  are  omitted  simply  on  account 
of  space.  In  the  above  experiment  the  alternation  of  effect 
is  to  be  observed,  e.g.  with  the  supply  of  the  digitalis  saline 
the  rate  of  flow  at  once  begins  to  fall  rapidly,  on  resub- 
stituting pure  saline  it  slowly  begins  to  rise. 

It  is  to  be  noted  that  the  minimum  is,  in  the  above, 
reached  after  the  replacement  of  the  poisoned  circulation 
by  saline,  this  of  course  simply  means  that  the  digitaline 
had  not  had  full  effect  and  that  the  process  of  washing  it 
out  was  not  an  immediate  one.  The  blank  spaces  in  the  last 
section  simply  represent  four  intervals  of  five  minutes 
allowed  to  elapse  before  again  measuring  the  rate  of  flow, 
the  last  figure  shows  this  to  have  been  slowly  increasing. 

Barium  chloride. — For  the  details  of  the  experiments 
with  this  drug  we  must  refer  to  our  paper  in  the  ^ Brit. 
Med.  Journ.  ’ for  August  11th,  1883.  The  method 
adopted  in  these  experiments  was  precisely  the  same  and 
the  results  equally  unequivocal.  Barium  chloride  acts 
strongly  and  directly  on  the  small  arterioles,  causing  these  to 
contract.  It  may  be  remembered  that  Boehm^  had  pre- 
viously demonstrated  the  digitalis -like  action  of  the  salts 
of  this  base  in  the  production,  viz.,  of  the  retarded  pulse- 
rate,  the  heightened  blood-pressure,  and  the  systolic 
heart. 

Strophanthus  (the  African  arrow  poison,  Strophanthus 
kombi). — Two  experiments  were  made  with  this  drug. 
A 5 per  cent,  solution  of  the  crude  drug  was  employed. 
The  results  were  much  less  striking  than  for  digitaline, 
still  they  were  in  the  same  direction  as  for  this  latter. 
We  will  quote  one  experiment. 

“ Ueber  die  Wirkungen  der  Barytsalze  auf  deii  Thierkorper,”  ‘ Archiv  I'ur 
experimentelle  Pathologie  u.  Pharmakologie,’  1875,  iii,  pp.  216,  251. 


ACTION  OF  THE  DIGITALIS  GROUP. 


3^5 

9 


May  28tli. — Temperature  of  room  20°  C. ; pressure  31 
centimetres. 

Rate  of  out jiow  per  five  minutes  in  c.c. — 42/  39,  41,  41,^ 
37,  28,  25,  21  f 23,  24,  22,  18,  16,  10,  10,  11,  11,  12,  15, 
16,  18,  20,^  20,  11,  9,  10,  9,  10,  10,  8,  9,  7. 

^ Saline  solution,  0'6  per  cent,  supplied.  * Strophanthus  5 per  cent.,  0'4 
c.c.  to  100  c.c.  saline.  ^ Saline  solution  replaced.  ^ Strophanthus  5 per 
cent.,  1 c.c.  to  100  c.c.  saline. 

It  is  to  be  noted  that  in  this  experiment,  though  the 
effect  of  the  strophanthus  is  much  less  sudden  and  much 
less  marked,  yet  that,  following  the  addition  of  the  stro- 
phanthus, there  is  a steady  unbroken  fall,  continuing  it  is 
true  long  after  the  replacement  by  saline,  but  again  re- 
appearing after  the  rate  of  flow  had  begun  to  mount,  on 
the  readdition  of  strophanthus. 

The  second  experiment  gave  a very  sudden  fall  of  the 
rate  of  flow  following  the  first  addition  of  strophanthus  ; 
throughout  the  remainder  of  the  experiment  the  rate  of 
flow,  during  the  periods  of  saline  substitution,  never  rose 
to  within  one  half  the  initial  rate  of  flow,  and  on  this 
lowered  rate  the  subsequent  additions  of  strophanthus 
gave  no  decided  effect  in  further  reducing  it. 

Scillitine} — Two  experiments  with  a one  per-cent,  solu- 
tion were  made  but  the  results  were  not  decided,  and  they 
scarcely  permit  of  more  than  the  negative  conclusion  that 
the  action  if  of  the  same  kind  as  that  of  digitalis,  comes 
very  far  indeed  behind  it  in  degree.  Large  doses  were 


* We  are  indebted  to  Mr.  A.  W.  Gerrard,  F.C.S.,  Lecturer  on  Pharmacy  at 
University  College  Hospital,  for  the  following  account  of  his  method  of 
preparation  of  the  scillitine  employed  in  our  experiments  : “ Five  pounds  of 
squill  bulb  were  exhausted  with  proof-spirit,  and  the  resulting  tincture  treated 
with  four  times  its  volume  of  84  per  cent,  alcohol;  this  caused  the  precipita- 
tion of  a viscous,  tenacious  extract,  the  spirit  retaining  in  solution  the  scilli- 
tine. The  alcohol  was  removed  by  distillation  and  the  residue  treated  a 
second  time  with  alcohol  and  the  alcohol  again  distilled  off.  A pale  green 
extract  was  thus  obtained  which  was  washed  with  ether  to  separate  the  green 
substance,  and  further  diluted  with  water  to  precipitate  resin  and  colouring 
matter.  The  clear  aqueous  solution  was  now  evaporated  and  gave  a pale 
scaly  mass  of  scillitinej  answering  to  the  reactions  of  a glucoside.” 
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employed,  viz.  as  uiucli  as  5 c.c.  of  the  one  per-cent,  solu- 
tion to  the  100  C.C.,  and  the  contrast  between  the  compara- 
tively slight  action  of  this  substance  and  the  very  striking 
and  sudden  effect  produced  by  the  digitalis  in  one  fifth 
the  dose,  was  very  marked.  The  digitalis  was  tried  in 
the  end  stages  of  both  of  the  scillitine  experiments,  and 
the  rate  of  fiow  fell  almost  at  once  to  a minimum,  which 
practically  amounted  to  complete  obstruction. 

Dyah  poison. — This  is  an  arrow  poison  used  by  the  in- 
habitants of  Borneo,  concerning  the  origin  of  which  nothing 
certain  is  known,  but  it  contains  in  all  probability  the 
juice  of  Antiaris  toxicaria  as  a chief  constituent.^  It  is  a 
heart  poison  and  acts  in  this  respect  like  digitalis.  Two 
experiments  were  made  with  this  substance,  we  will  quote 
one  of  these  which,  in  addition  to  illustrating  the  infiuence 
of  the  dyak  poison,  shows  well  the  relative  action  of  digi- 
taline.  The  solution  strength  was  a one  per-cent,  of  the 
crude  drug. 

June  15th. — Temperature  of  room  19°  C.  j head  of  pres- 
sure 31  centimetres. 

Rate  of  outfloiv  per  five  minutes  in  c.c. — 12  f 74,  76,  71,^ 
70,  63,  56,  48,  39,  37,  37,  36,  32,  36,  36,^  36,  42,  40,  44, 
46,  46,  46,  48,'  47,  47,  47,  46,  45,  45,  47,  48,  44,®  43,  43, 
40,  40,  36,  36,'^  24,  4. 

2 Saline  solution,  0'6  per  cent,  supplied.  ^ Dyak  poison  1 per  cent,  j 0’5 
c.c.  to  100  c.c.  saline.  ^ Saline  solution  resubstituted.  ® Dyak  poison  1 per 
cent.;  1 c.c.  to  100  c.c.  saline.  ® Dyak  poison  1 per  cent.;  4 c.c.  to  100  c.c. 
saline.  ? Digitaline  1 per  cent.;  1 c.c.  to  100  c.c.  saline. 

This  experiment  shows  in  the  first  instance  a decided 
fall  on  the  administration  of  the  poison,  from  this  fall  the 
recovery  with  the  saline  is  but  slight,  but  the  further  ad- 
dition of  the  poison  remains  practically  without  effect, 
though  in  the  last  instance  the  dosage  is  increased  con- 
siderably. The  last  two  figures  show  well  the  powerful 
relative  effect  of  digitaline  and  they  further  demonstrate 
the  persistence  of  vitality  in  the  tissues  after  over  three 

See  Huseinann,  ‘ Vergiftungcn,’  p.  482  (Mascbka’s  ‘Handbuclid.  Gericbt- 
licben  Medicin,’  vol.  ii). 
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hours  of  artificial  circulation.  Tlie  second  experiment 
gave  results  more  decided  in  favour  of  the  dyak  poison, 
botk  the  first  and  the  second  additions  of  the  poison  re- 
ducing the  rate  of  flow  by  one  half ; still  it  places  this 
poison  far  behind  digitaline  in  its  direct  action  on  the 
vessels. 

Gonvallamarin. — This  is  a glucoside  obtained  from  Gon~ 
vallaria  majalis  and  is  classed  among  digitalis  remedies^. 
But  one  experiment  was  made  with  this  substance ; we 
quote  it  as  follows  : 

June  21st. — Temperature  17’5°j  head  of  pressure  31 
centimetres. 

Rate  of  outflow  per  five  minutes  in  c.c. — 22,^  22,  24,  29, 
33,^  23,  22,  24,  19,  16,  16,  16,  18,^  18,  22,  25,  26,  29,  30, 
33,'  29,  24,  20,  17,  16,  15,  17,'  15,  17,  17,  16,  16,  16,^  16, 
3,  1. 

^ Saline  solution,  0'6  per  cent,  supplied.  ^ Gonvallamarin  1 per  cent.;  0'4 
c.c.  to  100  c.c.  saline.  ^ Saline  solution  replaced.  ® Gonvallamarin  1 per 
cent. ; 0‘8  c.c.  to  100  cc.  saline.  ® Saline  solution  replaced.  ’ Digitaline  1 
per  cent. ; 1 c.c.  to  100  c.c.  saline. 

The  results  are  not  very  striking,  but  it  will  be  observed 
that  the  first  addition  of  convallamarin  reduced  the  rate 
by  almost  one  half,  viz.  from  33  c.c.  to  18  c.c. ; that  saline 
replacement  brings  back  the  previous  rate  of  flow  33,  and 
that  convallamarin  again  reduces  this  rate  by  one  half ; 
the  subsequent  addition  of  saline  does  not  show  recovery. 
The  last  three  flgures  show  the  immediate  and  marked 
effect  of  digitaline. 

It  will  be  remembered  that  Gaskell  (op.  cit.)  demon- 
strated the  effect  of  alkalies  on  the  arterioles  of  the  frog, 

* Mr.  Gerrard  kindly  prepared  this  substance  for  us  and  as  follows  : “ The 
plant  was  exhausted  with  rectified  spirit  and  the  spirit  distilled  off;  the  resi- 
dual extract  was  dissolved  in  water  and  evaporated  to  a thick  fluid,  then  treated 
with  ten  times  its  volume  of  alcohol,  filtered,  and  evaporated.  The  residue 
was  now  treated  with  tannin  in  excess,  to  form  tannate  of  convallamarin, 
which  after  purifying  by  washing  with  alcohol  was  rubbed  up  with  a little 
water  and  lead  oxide — tannate  of  lead  and  free  convallamarin  being  the  result ; 
the  latter  was  removed  by  alcohol  and  obtained  as  a straw-coloured  scale  on 
evaporation.” 
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this  effect  being  constriction  even  to  the  extent  of  com- 
plete obstruction  in  some  cases.  The  reverse  obtained 
for  acids_,  i.e.  the  vessels  dilating  under  the  influence  of 
the  acid.  Dr.  Gaskell  employed  solutions  of  sodium  hydrate 
and  of  lactic  acid  to  demonstrate  these  effects.  We  have 
repeated  these  experiments  on  the  tortoise  for  the  follow- 
ing alkaline  salts  j potassium  hydrate^  carbonate  and  bi- 
carbonate^  sodium  carbonate  and  bicarbonate.  The  potas- 
sium salts  gave  us  like  results  as  also  did  the  sodium 
carbonate ; in  all  cases  the  vessels  became  constricted. 
With  the  sodium  bicarbonate,  however,  we  did  not  get 
this  result,  the  flow  instead  of  diminishing  in  rate 
appeared,  if  anything,  to  actually  increase.  This  result, 
moreover,  was  obtained  although  the  sodium  bicar- 
bonate was  employed  in  such  doses  as  to  produce  a deeper 
blue  with  test-paper  than  did  the  sodium  carbonate.  What 
this  may  mean  exactly  it  is  difficult  to  say,  but  if  the 
ability  to  turn  red  litmus  paper  blue  be  accepted  as  the 
deflnition  of  alkalinity  then  an  exception  must  be  made  in 
favour  of  sodium  bicarbonate  in  respect  of  the  statement 
that  alkaline  salts  increase  vascular  tone.  The  power  of 
a salt  to  saturate  an  acid  obviously  cannot  be  taken  as  a 
measure  of  its  alkalinity  since  a molecule  of  sodium 
hydrate  and  of  sodium  bicarbonate  would  for  all  the 
stronger  acids  show  an  equal  capacity  in  this  respect,  yet 
the  latter  is  a comparatively  saturated  salt  as  contrasted 
with  the  former.  We  have  laid  the  greater  stress  on  this 
point  because  Gaskell  has  drawn  attention  to  the  acid  and 
alkaline  effects  as  rather  fundamental  differences  and  has 
suggested  that  all  bodies  may  show  a general  division  into 
acid-,  and  alkali-like  actions ; thus  he  suggests  that 
antiarin  and  digitaline  would  come  under  the  latter  head- 
ing, muscarin  under  the  former.  However,  with  this  ex- 
ception of  sodium  bicarbonate  the  results  obtained  on  the 
tortoise  with  the  remaining  alkaline  salts  conflrm  those 
obtained  by  Gaskell  on  the  frog. 

Simultaneously  with  these  experiments  on  the  vessels 
others  were  made  on  the  excised  frog-heart.  In  these  an 
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Caustic  potash,  soda,  and  ammonia,  also  certain  of  the 
salts  of  potassium,  sodium,  and  ammonium,  were  ex- 
amined as  to  their  action  on  the  frog^s  heart,  and  found 
to  affect  this  differently.  A word  of  explanation  as  to 
the  plan  of  the  paper  will  be  of  service. 

The  mode  of  experimentation,  and  the  results  obtained 
with  the  hydrates  and  with  the  iodides,  bromides,  and 
chlorides  of  the  above  bases  are  first  given.  These  results 
are  then  discussed,  and  the  conclusions  drawn.  Finally, 
experiments  with  the  citrates  of  potassium,  sodium,  and 
ammonium  are  given,  and  the  results  contrasted  with 
those  obtained  with  the  previous  salts. 
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The  object  in  thus  separating  the  salts  was  that  the 
chlorides,  bromides,  and  iodides  might  the  better  be 
considered  apart  from  the  rest  as  forming  a group  by 
themselves.  In  the  table  of  quantities  this  plan  has  been 
departed  from,  the  citrates  being  classed  with  the  above 
salts ; this  is  for  the  convenience  of  comparison  and  to 
avoid  repetition. 

The  mode  of  experimentation  was  the  following : — A 
Roy^s  tonometer  was  employed,  the  heart  was  tied  on  to  the 
cannula  as  near  as  possible  to,  if  not  in,  the  auriculo- 
ventricular  groove.  (It  is  not  always  possible  to  avoid 
having  a portion  of  the  auricle  below  the  ligature ; this 
will  be  referred  to  later  on  when  the  experiments  are 
discussed.) 

As  in  previous  experiments  dried  bullock^s  blood  dis- 
solved in  water,  so  as  to  represent  normal  blood,  was 
used ; this  was  diluted  in  the  earlier  experiments  with  2 
parts  of  saline  solution,  | per  cent.,  in  the  later  experi- 
ments with  2J  parts.  In  the  former  8 oz.,  in  the  latter 
about  oz.  (more  exactly  100  cubic  centimetres),  of  this 
mixture  were  taken. 

Where  the  action  of  the  drugs  was  estimated  quantita- 
tively the  dose  was  as  far  as  possible  kept  uniform,  and 
the  times  of  addition  also,  the  dose  in  question  being 
added  every  quarter  revolution  of  the  cylinder  (about 
2 — minutes)  to  the  whole  mass  of  circulating  fluid. 
The  duration  of  each  experiment  was  made  as  near  an 
hour  as  possible,  in  order  to  reduce  the  error  due  to  natural 
exhaustion  which  over  lengthened  periods  would  become 
considerable.  The  dose  in  consequence  had  to  be  adapted 
to  this  period.  The  tracings  read  from  left  to  right. 

The  experiments  were  made  in  November,  December, 
1881,  January  and  the  early  part  of  February,  1882. 

The  drugs  were  tested  in  two  directions : 

1.  As  to  their  action  on  the  spontaneous  working  of 
the  heart. 

2.  As  to  their  action  in  modifying  the  effect  of  con- 
tinuous faradisation  applied  to  the  heart. 
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The  latter  action  will  be  first  described,  and  this 
requires  that  the  effect  of  continuous  faradisation  should 
be  described. 

Continued  faradisation,  provided  the  strength  of  the 
current  be  sufficient,  and  the  interruptions  frequent  enough, 
causes  in  the  normal  heart  a condition  of  continuous  con- 
traction, i.e.  spasm,  of  greater  or  less  extent. 

To  this  persistent  spasm — in  which  fusion  of  rhythmic 
contractions  is  the  most  obvious  factor — the  term  Te- 
tanus is  here  applied.  As  such  it  resembles  closely  the 
tetanus  of  a skeletal  muscle,  though  differing  in  certain 
points. 

Marey  Physiologie  experimentale,^  vol.  ii,  p.  81,  1876i) 
we  believe  was  one  of  the  first  to  describe  tetanus  of  the 
heart.  He  shows  that  the  excitability  of  the  heart  is  not 
the  same  at  different  moments  of  a cardiac  cycle ; thus 
a minimal  stimulation  administered  during  systole  will  not 
cause  a contraction  ; the  period  during  which  this  obtains 
is  called  the  refractory  phase.-’^  The  length  of  this 
period  varies  with  the  strength  of  the  stimulus;  the  stronger 
the  stimulus  the  less  the  duration,  till  the  refractory 
phase  quite  disappears.  Hence,  when  a series  of  loeah 
electrical  stimuli  act  on  the  heart,  the  greater  number 
occurring  during  the  refractory  periods  are  ineffectual,  and 
the  number  of  systoles  is  much  less  than  the  number  of 
excitations.  But  if  the  intensity  of  the  current  be  increased 
(the  frequency  of  interruption  being  unchanged),  the 
refractory  period  lessening,  the  number  of  systoles  ap- 
proaches that  of  the  excitations,  and  may  equal  them,  a 
fusion  results,  i.e.  a condition  of  tetanus. 

Besides  the  influence  of  strength  of  the  stimulus,  Marey 
further  shows  that  whilst  cold  increases  heat  diminishes 
the  refractory  period. 

In  our  experiments,  where  continuous  faradisation  was 

^ Luciani  (‘  Ludwig’s  Arbeiten/  1872)  had  previously  drawn  attention  to 
persistent  spasm — the  result  of  fusion  of  neighbouring  beats — and  had  em- 
ployed the  word  “ tetanus.”  He  shows  that  it  may  result  as  a first  effect  of 
the  ligature,  and  also  as  a first  effect  of  the  circulation  of  serum. 

VOL.  LXV.  13 
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employed,  the  cannula  on  which  the  heart  was  tied 
served  as  the  one  electrode,  the  other  electrode  pressed 
against  the  outer  surface  of  the  ventricle,  care  being 
taken  that  contact  persisted  throughout  faradisation. 
The  excitations  were  very  frequent,  the  hammer  of  the 
induction  apparatus  vibrating  rapidly. 

The  results  obtained  were  in  accordance  with  the 
previous  statements  from  Marey,  and  it  became  clear 
that  fusion^  complete  or  incomplete,  i.e.  tetanus,  complete 
or  incomplete,  could  be  produced  in  the  following  ways, 
viz. ; 

1.  By  lessening  the  refractory  period.  Increase  of 
the  strength  of  the  current  will  effect  this.  Raising  the 
temperature  will  do  the  same.  Further,  certain  drugs  will 
do  the  same. 

Even  in  the  cool  months  of  October  and  November  we 
met  with  hearts  whose  irritability  was  such  that  they 
exhibited  this  fusion  from  the  onset.  It  was  especially 
to  this  form  of  fusion  that  Luciani  drew  attention. 

2.  By  prolonging  the  duration  of  each  contraction.  It 
is  obvious  that,  other  things  remaining  the  same,  increase 
in  the  duration  of  the  beat  must  favour  fusion.  Some 
drugs,  e,g.  soda,  ammonia,  and  its  salts,  probably  act  in 
part  in  this  way. 

3.  Yet  another  way  is  to  be  noted.  Certain  drugs,  e.g. 
soda,  ammonia,  potash,  antiarin,  digitalin,  strophanthus, 
induce  a persistent  spasm  of  the  ventricle,  not,  however, 

means  of  a fusion  of  beats,  for  these  may  occur  so 
infrequently  as  to  exclude  this  mode*;  in  such  cases,  even 
when  the  intervals  between  the  beats  are  a minute  or 
more,  the  persistent  spasm  may  last  during  the  whole 
period  of  the  intervals.  This  persistent  spasm  will,  ccet. 
par.,  tend  to  fuse  together  neighbouring  beats. 

It  has  been  suggested  Journal  of  Physiology,^  Decem- 
ber,^ 1881)  that  this  spasm  may  bean  increase  of  the  tonus 
of  the  heart  and  allied  to  contracture. 

1 “ RegarcTlng  the  action  of  Hydrate  of  soda,  ammonia  and  potash  on  the 
Frog’s  Ventricle.” — Sydney  Ringer,  M.D. 
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The  effect  of  temperature  was  tested^  and  it  was  found 
that  whilst  heat  facilitated  the  production  of  tetanus^  cold 
hindered  such ; these  results  are  confirmatory  of  Marey^s 
statements  as  to  the  refractory  period.  A difference  of 
temperature  amounting  to  12°  C.  demonstrated  the  above 
very  distinctly. 

As  to  the  effect  of  exhaustion,  this  does  not  appear  to 
affect  the  facility  with  which  the  heart  may  be  tetanised. 

It  is  worth  while  contx’asting  cardiac  tetanus  with  that 
of  a skeletal  muscle.  In  the  latter  case  a stimulus  suffi- 
cient to  excite  a good  contraction  will,  if  sufficiently 
frequently  repeated,  yield  tetanus.  In  the  former,  a 
stimulus  capable  of  causing  full  contraction  of  the  heart, 
but  not  in  excess  of  such  strength,  will  not  yield  tetanus 
by  repetition,  however  great  the  frequency  attained.  The 
explanation  is  to  be  found  in  the  refractory  phase  attend- 
ing each  contraction.  To  get  tetanus  the  strength  of  the 
current  must  be  increased,  whereby  the  refractory  period 
is  diminished  up  to  extinction. 

Diagram  1,  fig.  I,  represents  the  development  of  tetanus. 
The  figures  above  the  line  indicate  the  positions  of  the 
secondary  coil  of  the  Du  Bois  Eeymond. 

In  A we  have  incomplete  fusion ; the  frequency,  though 
increased,  is  insufficient  to  effect  complete  fusion. 

In  B the  effect  of  increased  strength  of  current  is  seen 
to  have  caused  greater  frequency  and  completer  fusion. 

In  c a further  stage  is  shown,  but  here,  with  the 
secondary  coil  at  3,  also  with  the  coil  at  5 in  d,  the 
individual  beats  can  no  longer  be  counted,  the  line  being 
in  parts  practically  straight. 

In  addition  to  increased  frequency,  both  b and  c show 
that  the  element,  persistent  spasm,  is  also  present  as  a 
factor.  The  length  of  line  above  the  trace  represents  the 
time  of  faradic  excitation. 

Having  described  the  effect  of  continuous  faradisation 
on  the  heart,  we  proceed  to  describe  how  this  effect  is 
modified  under  the  influence  of  certain  drugs. 

The  mode  of  experimentation  was  the  following  : — The 
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effect  of  faradisation  was  tried  before  the  addition  of  the 
drug,  and  a certain  degree  of  tetanus  being  selected  to 
serve  as  standard, the  addition  of  the  drug  was  commenced; 
the  secondary  coil  was  maintained,  of  course,  stationary, 
and  at  definite,  equal  intervals  of  time  the  heart  was 
faradised.  The  intervals  were  eight  or  ten  minutes  in 
length,  sufficient  to  allow  the  residual  effects  from  the 
preceding  tetanus  to  have  passed  off. 


Hydrate  of  soda,  hydrate  of  ammonia,  hydrate  of  'potash. 

Hydrate  of  soda  increases  the  readiness  with  which  the 
heart  answers  to  continuous  faradisation.  Thus,  a strength 
of  current  capable  only  of  slightly  increasing  the  frequency 
of  the  normal  beats,  therefore  short  of  producing  tetanus, 
caused  well-marked  tetanus  after  the  addition  of  soda.  In 
this  tetanus  all  three  factors  are  probably  at  work,  viz. 
diminished  refractory  period,  persistent  spasm  (of  the 
nature  of  tonus),  increased  duration  of  each  beat.  This 
increased  readiness  of  response  occurred  without  any 
diminution  of  the  height  of  the  trace.  In  the  doses  here 
used,  then,  soda  increases  what  may  be  termed  excitability, 
without  affecting  contractility  (Diagram  1,  fig.  II,  A,  b,  c). 

From  these  observations,  made  in  November,  season 
(temperature  ?)  would  seem  to  have  a modifying  influence. 
The  dose  of  soda  required  to  produce  a given  effect  here 
was  much  larger  than  in  summer,  and  the  diastolic  con- 
traction, so  well  marked  in  summer,  was  much  less  deve- 
loped, and  then  only  after  a relatively  large  dose. 

Hydrate  of  ammonia. — The  excitability  to  the  continuous 
faradic  is  considerably  increased,  whilst  the  height  of  the 
beat  is  still  undiminished.  This  increased  excitability  is 
maintained  during  the  early  part  of  the  decline  in  height, 
then  itself  begins  to  decline,  but  even  to  the  last  the 
excitability  remains,  at  least,  as  good  as  before  the 
addition  of  ammonia  (Fig.  Ill,  a,  b,  c,  d). 

The  modifying  action  of  season  was  marked  here  also. 
In  summer  a much  smaller  dose  is  requisite  to  develop 
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well-marked  diastolic  contraction  and  the  persistent  spasm 
indicated  by  departure  from  the  base  line,  which  spasm  in- 
creasing, the  ventricle  finally  stops  in  strong  systole,  in 
which  condition  it  remains  a considerable  time.  In  the 
present  series,  made  during  November,  the  above  effects 
were  not  strongly  marked  except  a very  large  dose  was 
administered. 

Hydrate  of  ]Jotash. — The  readiness  to  become  tetanised 
is  markedly  decreased  by  potash,  and  a strength  of  cur- 
rent sufficient  to  give  well-marked  tetanus  before  addition 
subsequently  soon  loses  its  effect.  A rather  curious  effect 
is  further  to  be  noted  : not  only  may  such  current  fail  to 
show  any  tendency  towards  producing  tetanus,  it  may 
actually  suppress  the  spontaneous  beats,  these  beginning 
again  a little  time  after  discontinuance  of  the  faradisation 
(Diagram  2,  fig.  lY,  a,  b,  c,  d,  e,  illustrate  potash).  This 
suppression  of  the  spontaneous  beats  is  not  shown  in 
diagram. 

Contrasting  the  effects  of  soda,  ammonia,  and  potash, 
we  have,  on  the  one  hand,  soda  and  ammonia,  which  early 
and  for  a considerable  period  increase  the  excitability  of 
the  cardiac  tissue,  as  tested  by  continuous  faradisation  ; 
on  the  other  hand,  potash,  the  striking  effect  of  which  is 
a diminution  of  this  excitability  from  the  very  commence- 
ment. This  diminished  excitability  occurs,  even  though 
at  the  time  there  exist  persistent  spasm  due  to  the  drug 
(Fig.  lY,  c,  shows  this  well). 

It  may  be  here  stated  in  general  terms  that,  so  far  as 
have  been  examined,  the  salts  of  potash  act  like  the 
hydrate  in  the  way  in  which  they  modify  the  effect  of 
continuous  faradisation,  i.  e.  they  lessen  this  from  the 
commencement,  and  may  further  cause  the  suppression  of 
spontaneous  beats  during  faradisation  above  noted. 

In  the  present  series  the  iodide  and  citrate  were  tested 
on  this  point  ; the  chloride  had  been  previously  examined 
(see  the  ^ Practitioner  ^ for  January,  1882).^ 

1 “ Concerning  the  action  of  the  Chlorides  and  Bromides  of  sodium,  ammo- 
nium, and  potassium  on  the  Frog’s  Ventricle,”  by  Sydney  Kiuger,  M.D. 


300 

198  ACTION  OF  SALTS  OP  POTASHj  SODA^ 

The  fact  of  the  citrate — an  organic  salt — conforming 
with  the  inorganic  salts,  the  iodide  and  chloride,  renders 
the  presumption  that  salts  of  potash  generally  may  behave 
alike  in  the  above  respect  not  improbable. 

The  other  mode  of  testing  the  influence  of  drugs  has 
now  to  be  considered,  viz.  the  action  on  the  spontaneous 
ivorking  of  the  heart 

The  drugs  tested  in  this  direction  were  of  the  bases— 
hydrate  of  potash  alone — of  the  salts,  the  iodides,  bro- 
mides, and  chlorides  of  sodium,  ammonium,  and  potassium, 
also  the  citrates  of  these  three  bases.  Incidentally  the 
modification  of  the  effect  of  continuous  faradisation  was 
examined  in  the  case  of  the  iodides.  The  results  of  the 
experiments  will  be  first  detailed,  and  then  the  conclusions 
given  to  which  these  led. 

The  mode  of  experimentation  has  already  been  stated. 
The  strength  of  the  solutions  employed  was  in  each  case 
10  per  cent.  The  quantities  of  this  used  are  given  in 
cubic  centimetres,  and  the  actual  quantity  of  salt  in 
grammes  and  grains.  The  quantity  of  blood  mixture  used 
was  throughout  100  cubic  centimetres. 

The  reason  why  of  the  bases,  potassium  hydrate  alone  was 
taken  was  that  the  tendency  which  the  other  bases — soda 
and  ammonia — show  to  produce  arrest  of  the  heart  in  full 
systole,  does  not  allow  of  a quantitative  comparison  be- 
tween the  drugs,  since  potash  arrests  in  diastole. 

Caustic  potash. — The  salient  feature  here  noted  was  the 
persistent  spasm  excited,  but,  disregarding  this,  the  effect 
on  frequency,  so  far  as  the  primary  effect  went,  was 
inconstant,  sometimes  slowing,  sometimes  quickening,  but 
in  all  cases  marked  slowing  preceded  complete  inhibition, 
which  occurred  in  all  six  cases,  and  on  an  average  after 
0*6  c.c.  (=0*9  grains)  had  been  added  and  whilst  the 
ordinate  was  of  good  value. 

When  in  the  final  stage  single  stimuli  caused  no 
response,  continuous  faradisation  was  without  effect. 

With  regard  to  the  height  of  the  beat,  this  was  not 
much  affected  in  the  early  stage,  but  chiefly  towards  the 
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end,  and  in  particular  after  complete  inhibition.  No 
primary  increase  in  height  was  noted  such  as  ammonia 
shows.  The  persistent  spasm  or  diastolic  contraction, 
which  has  been  previously  described  Journal  of  Phy- 
siology/ Dec.,  1881),  was  here  particularly  well  marked. 
The  quantities  required  to  arrest  the  heart  were : 


Exp.  I. — Feb.  7. 

Temp,  of  room  15°  C. 

Quantity  0*75 

>}  II.^“  )i  7. 

99 

15*5°. 

99 

0*85 

„ III.-  „ 8. 

15°. 

>9 

1*05 

» IV.-  „ 9. 

>9 

14*5°. 

99 

1*05 

„ V.—  „ 9. 

9} 

15°. 

99 

0*95 

„ VI.-  „ 10. 

99 

15°- 

99 

0*65 

5*3 

.*.  Average  0*88  c.c.  = 0*088  grms.  = l*35  grains. 


Iodide  of  sodium, — The  effect  on  the  rhythm  observed 
here  was  a slight  lessening  of  the  frequency  of  the  beats, 
but  in  no  case  were  these  arrested,  so  that  the  beats 
remained  spontaneous  to  the  very  end,  i,e,  as  long  as 
contractility  persisted.  The  heart  is  arrested  in  diastole. 

In  the  final  stage,  when  the  beats  had  quite  disappeared 
or  showed  only  as  a faint  waviness  of  the  trace,  and 
single  induction  shocks  would  either  give  no  response  or 
one  only  just  visible,  continued  faradisation  of  the  same 
strength  or  weaker  would  cause  persistent  spasm,  reaching 
a maximum  by  successive  steps,  each  contraction  being 
piled  up,  as  it  were,  on  the  top  of  the  preceding  one.  (See 
Diagram  3,  fig.  YU  a. 

In  connection  with  this  it  must  be  mentioned  that  occa- 
sionally, whilst  the  heart  was  beating  spontaneously  but 
under  the  influence  of  the  sodium  salt,  a somewhat  similar 
piling  up  was  observed,  occurring  without  obvious  cause. 

This  phenomenon  has  been  referred  to  throughout  this 
paper,  and  the  expression  piling  itp  ’’  retained,  but  it 
must  be  stated  that  this  mounting  up  by  a succession  of 
steps  is  not  always  seen ; the  term  has,  however,  been 
kept,  and  for  this  reason  it  must  be  remembered  that  the 
essential  part  of  the  phenomenon  is  the  height  attained, 
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which  is  far  in  excess  of  any  individual  contraction  spon- 
taneous or  excited.  (See  fig.  VII,  a and  b.) 

As  to  the  effect  on  contractility  the  amplitude  of  the 
beat  gradually  lessens,  but  in  the  end  stages,  when  the 
height  has  been  greatly  reduced,  the  breadth  of  the  trace, 
i.e.  the  duration  of  the  beat,  becomes  increased,  in  some 
cases  very  considerably. 

Iodide  of  sodium  is  very  little  poisonous,  as  will  be 
seen  from  the  quantities  appended,  which  were  those 
requisite  to  stop  the  heart : 


Exp.  I. — 42  c.c. 

Temp,  at  time  of  experiment  12*5° 

„ II.— 72 

99 

10-5° 

„ III.— 48 

99 

99 

10° 

„ IV.— 54 

99 

99 

9*5° 

„ V.— 52 

99 

99 

9° 

„ VL— 60 

99 

99 

8’5° 

328 

Average  54’6  c.c. =5*46  grms. 

II 

00 

to 

grains. 

Iodide  of  sodium  lessens  in  a marked  degree  the 
excitability  to  continuous  faradisation. 

Iodide  of  ammonia. — This  is  an  unstable  salt,  readily 
yielding  free  ammonia  and  iodine.  A good  commercial 
specimen  was  used,  containing,  however,  traces  of  the 
above. 

The  effect  on  rhythm  is  not  marked,  spontaneous  beats 
continuing  till  contractility  is  nearly,  if  not  quite,  de- 
stroyed; in  this  respect  ammonium  iodide  agrees  with 
the  corresponding  sodium  salt.  The  heart  is  arrested  in 
diastole. 

After  the  heart  has  been  arrested,  neither  single  induc- 
tion shocks,  nor  continuous  faradisation,  has  any  effect. 
In  this  respect  the  salt  contrasts  with  sodium  iodide. 

The  heart  is  arrested  by  the  destruction  of  contractility, 
the  beats  growing  weaker  and  weaker  till  they  finally  dis- 
appear. There  is,  however,  probably  in  all  cases  an  early 
stage  during  which  the  ventricle  empties  itself  more  com- 
pletely, i,  e.  a stage  of  stimulation  ; this  is  scarcely  appre- 
ciable when  the  ventricle  is  contracting  vigorously  before 
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addition  of  the  drugj  but  when  failing  to  empty  itself 
quite,  the  above  stage  is  indicated  by  increased  ampli- 
tude of  the  trace,  and  with  this  increased  height  rounding 
of  the  top  of  the  trace  is  noted.  If  a large  dose  be 
suddenly  added,  both  diastolic  contraction  and  persistent 
spasm  appear.  In  one  case,  as  the  effect  of  a large  dose, 
spontaneous  beats  were  arrested  and  replaced  by  a slowly 
remitting  spasm. 

This  salt  is  a far  more  powerful  paralyser  of  the  ven- 
tricle than  iodide  of  sodium.  Six  experiments  gave  the 
following  numbers  : 


Exp.  I. — 4*6  c.c.  Temp,  at  time  of  experiment  12°  C. 


» 

II.— 4*9 

yy 

yy 

12° 

III.— 4*2 

yy 

yy 

13° 

» 

IV.— 3*9 

yy 

yy 

13*5° 

yy 

V.— 4*9 

yy 

yy 

13*5° 

}y 

VI.— 2*1 

yy 

yy 

14° 

24*6 

Average  4*1 

C.C.  — 0*41 

grms.  = 6*3  grains. 

Iodide  of  ammonium,  like  iodide  of  sodium,  lessens  in 
a marked  degree  the  effect  of  the  continuous  faradic 
current.  Suppression  of  the  spontaneous  beats  during 
faradisation  may  even  be  witnessed  (see  Potash). 

Iodide  of  ‘potassium. — The  striking  feature  in  the  action 
of  this  salt  is  that  suddenly,  whilst  the  height  of  the  trace 
is  still  considerable,  the  spontaneous  beats  are  arrested 
permanently,  though  there  is  still  response  to  electric 
stimulation.  If  the  addition  of  the  drug  be  still  continued 
the  response,  originally  having  the  value  of  the  last  spon- 
taneous beats,  grows  less  and  less  till  finally  contractility 
disappears.  Preceding  the  arrest  of  spontaneous  beats 
these  latter  grow  more  infrequent.  During  lengthened 
intervals  between  spontaneous  beats,  or  subsequently  to 
permanent  arrest,  the  less  the  interval  since  the  last  spon- 
taneous or  excited  beat  the  stronger  must  be  the  excita- 
tion to  be  effectual.  This  of  course  between  limits,  for 
below  a certain  strength  all  excitations  would  be  ineffec- 
tual, above  a certain  strength  all  would  be  effectual.  The 


304 

202 


ACTION  OP  SALTS  OP  POTASH_,  SODA^ 


same  applies  to  a heart  temporarily  inhibited  by  the  liga- 
ture. In  factj  the  ventricle  arrested  by  iodide  of  potas- 
sium behaves  in  all  respects  like  such  heart. 

When  the  contractility  has  disappeared  to  single  induc- 
tion shocks,  continuous  faradisation  is  without  effect ; in 
this  respect  it  resembles  iodide  of  ammonium,  but  con- 
trasts with  iodide  of  sodium. 

Iodide  of  potassium  further  acts  powerfully  on  con- 
tractility ; this  is  seen,  subsequent  to  arrest  of  the  sponta- 
neous beats,  in  the  decreasing  height  of  the  excited  con- 
tractions. 

The  following  numbers  were  obtained  : 

Temp.  13°  C. 

„ 15° 

„ 13° 

„ 14-5° 

„ 15° 

» 9‘5j 

12-3 

Average  2*05  c.c.  =0’205  grms.  = 3*16  grains. 


Exp.  I. — 2 c.c. 
„ II.-2 
„ III.— 2*2 
„ IV.— 2*2 
„ V.-2 

„ VI.— 1-9 


In  its  lessening  the  effect  of  continuous  faradisation  of 
the  ventricle,  iodide  of  potassium  is  similar  to  iodide  of 
ammonium,  but  more  powerful ; as  with  this  latter,  in  the 
final  stages  before  complete  arrest,  the  spontaneous  beats 
become  arrested  during  the  faradisation,  and  a consider- 
able interval  may  follow  before  the  spontaneous  beats  re- 
commence. In  this  latter  respect  it,  with  the  ammonium 
salt,  contrasts  with  sodium  iodide. 

A character  shown  in  common  by  the  iodides  of  all 
three  bases  was  that,  subsequently  to  the  arrest  of  the 
ventricle  by  the  drug,  and  when  single  electric  shocks  were 
without  effect  (also  continuous  faradisation  in  the  case  of 
ammonium  and  potassium  iodides),  the  dilution  of  the 
circulating  fluid  with  water  (100  c.c.  were  in  each  case 
added)  brought  back  spontaneous  beats  of  good  value ; 
the  recovery  was  but  temporary,  but  in  some  cases  a 
second  and  a third  dilution  (100  c.c.)  were  attended  with 
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recovery,  each  time  feebler  and  of  shorter  duration.  With 
each  recovery  a certain  amount  of  persistent  spasm 
occurred,  indicated  by  the  trace  retreating  from  the  base 
line. 

Bromide  of  sodium, — Six  experiments  were  made.  The 
effects  were  somewhat  inconstant  and  anomalous  ; thus  in 
two  cases  there  was  no  inhibition  whatever,  the  beats 
remaining  spontaneous  till  contractility  disappeared. 
These,  then,  were  in  accordance  with  the  iodide  and  citrate 
of  soda  series.  In  one  there  was  distinct  inhibition,  as 
marked  as  in  the  case  of  potassium  salts.  In  the  remain- 
ing three  the  rhythm  was  curiously  affected,  e.g.  after  the 
quantities  had  reached  15  c.c.,  15  c.c.,  and  18  c.c.  respec- 
tively, patches  of  beats  separated  by  long  intervals  occurred, 
the  end  patch  was  of  long  duration,  the  beats  frequent, 
and  the  rhythm  persisting  till  contractility  had  disappeared. 
Though  this  phasic  condition  represents  a form  of  inhibi- 
tion, still  it  was  not  complete  inhibition,  and  in  five  out 
of  the  six  the  final  stages  contrasted  as  markedly  with 
the  effects  of  potassium  salts  as  did  those  of  the  other 
sodium  salts. 

In  the  final  stage,  when  the  strongest  current  excited 
either  no  response  or  only  the  faintest,  the  characteristic 
piling  up  was  obtained  with  continuous  faradisation. 
There  was  nothing  special  as  to  contractility.  In  the 
one  instance  of  marked  inhibition  there  was  scarcely  any 
reduction  in  height  when  this  occurred. 

The  quantities  were  : 

Jan.  19  . . . Temp.  14’5°  ...  42  c.c. 


>9 

24  . 

99 

00 

0 

...  32 

» 

24  . 

99 

17-5° 

...  41 

99 

26  . 

99 

17° 

...  34 

99 

27  . 

99 

17° 

...  28 

99 

27  . 

99 

17° 

...  24 

201 

Average  33‘5  = 3‘35  grms.  = 5r7  grains. 


Bromide  of  ammonium. — The  results  obtained  were  very 
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uniform.  In  all,  frequency  was  increased  ; in  five,  tliis 
occurred  from  the  very  beginning  of  addition  of  the  drug, 
in  one,  rather  marked  slowing  followed  the  first  dose,  but 
soon  gave  way  to  increased  frequency.  The  increased 
frequency  was  maintained  up  to  the  end,  disregarding 
some  slight  irregularity  which  in  three  cases  appeared  in 
the  final  stage. 

Subsequent  to  the  disappearance  of  spontaneous  beats, 
there  was  no  response  to  single  shocks,  and  none  to  con- 
tinuous faradisation. 

On  contractility,  a primary  effect  in  the  way  of  increase 
of  the  height  of  the  beat  with  broadening  of  the  apex  was 
distinct  in  some,  very  slight  in  others,  but  discoverable 
in  all.  Slight  departure  from  the  base  line  was  also 
noticed,  but  not  in  all.  The  frequency  of  beats  was  too 
great  to  admit  of  diastolic  contraction  appearing.  These 
last-named  effects  were  early,  viz.  after  the  first  or  second 
dose.  Fig.  V a (Diagram  2)  illustrates  these  effects. 

The  decline  in  height  was  rather  rapid  towards  the  end. 

Quantities  : 


Jan.  28 

. Temp.  16’5°  ... 

Quantity  2*6  c.c 

CO 

• » 

16° 

99 

2-4 

• 

o 

CO 

16° 

99 

2-2 

o 

CO 

• » 

16-5°  ... 

99 

2-4 

,,  31  . 

• » 

16° 

99 

2-6 

„ 31  . 

• 

17°  ... 

99 

2-2 

14-4 

Average  2’4  c.c  = 0*24  grms.  = 3'70  grains. 

Bromide  of  jpotassium.’^ln  the  six  experiments  made 
with  this  drug  the  effect  in  the  way  of  inhibition  was  less 
marked  than  was  the  case  with  the  other  salts  of  potassium 
examined,  viz.  iodide  and  chloride.  In  general,  moreover, 
there  was  less  uniformity  of  action  in  the  series. 

In  three  out  of  the  six  complete  inhibition  obtained ; 
in  the  remaining  three,  though  in  the  final  stages,  the 
inhibition  was  almost  complete,  still,  an  occasional  spon- 
taneous beat  occurred  till  the  amplitude  was  practically 
abolished. 
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The  effect,  then,  though  somewhat  less  marked  here,  is 
still  very  decided. 

In  five  out  of  the  six  cases  slowing  occurred  as  a 
primary  effect,  contractility  suffering  but  slightly;  the 
subsequent  effects  on  rhythm  were  very  irregular. 

As  to  the  effect  of  continuous  faradisation,  no  piling  up 
of  the  beats  obtained  as  a final  effect. 

There  is  nothing  special  as  to  the  effect  on  contractility 
excepting  that  the  action  hereon  was  not  marked  early. 
At  the  time  of  complete  inhibition  the  beats  were  severally 
reduced  to  §,  and  rather  less  than  ^ their  original 
height. 

Quantities  employed  : 


Jan.  19 

. 1-7  ... 

Temp.  15° 

„ 20 

. 2-1  ... 

99 

17° 

„ 20 

. 2-4  ... 

9f 

00 

o 

„ 21 

00 

99 

14*5° 

„ 21 

. 2-2  ... 

9t 

15° 

» 23 

. 1-6  ... 

9f 

13*5° 

12-8 

Average  2*13  c.c.  =0'213  grms.  = 3’28  grains. 


Of  the  bromide  series  the  effect  of  dilution  was  tested 
with  the  ammonium  and  potassium  salts.  Dilution  with 
blood  mixture  was  substituted  for  dilution  with  water,  100 
c.c.  being  added.  Dilution  was  tried  twice  with  ammo- 
nium bromide  with  negative  result ; no  recovery  occurred. 
With  potassium  bromide  dilution  in  three  cases  brought 
back  spontaneous  beats  of  good  height.  The  blood  mix- 
ture was  added  when  the  ventricle  had  ceased  to  respond 
to  the  strongest  stimulation. 


Chlorides  of  sodium,  ammonmm,  potassium. 

Some  experiments  on  these  salts  made  in  the  summer 
months  have  already  been  recorded.^  But  as  season 

1 ‘ Practitioner,’  January,  1882. 
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(temperature  ?)  affects  the  action  of  remedies  on  the  frog^s 
heart  the  experiments  were  now  repeated  in  January,  that 
we  might  be  able  to  compare  the  action  of  the  chlorides 
with  that  of  the  iodides  and  bromides  at  the  same  time 
of  the  year. 

Chloride  of  sodium. — As  in  the  case  of  bromide  of 
sodium,  the  effect  on  frequency  was  somewhat  inconstant. 

In  one  case,  with  the  exception  of  trifling  slowing,  there 
was  no  effect  on  frequency,  the  beats  remaining  spontaneous 
to  the  end. 

In  two  there  occurred  distinct  inhibition  quite  of  the 
potash  type. 

In  a fourth  marked  slowing  was  produced,  amounting 
in  the  end  stages  to  inhibition,  almost  complete. 

Lastly,  in  two  cases  the  action  of  the  ventricle  became 
phasic,  groups  of  beats  alternating  with  intervals,  this  con- 
dition remaining  to  the  end. 

Here,  though  there  was  distinct  disturbance  of  rhythm, 
spontaneous  beats  still  persisted  to  the  end.  So  that  we 
have  three  cases  of  non-inhibition  against  three  cases  of 
inhibition. 

Continuous  faradisation,  after  arrest  of  the  ventricle, 
gave  the  characteristic  piling  up. 

The  quantities  required  to  arrest  the  heart  were : 


I.— Feb.  1. 

Temp,  of  room  16°. 

Quantity  16 

II.-  „ 1. 

yy 

16-5° 

„ 14 

III.—  „ 2. 

/> 

— 

» 20 

IV.—  „ 4. 

yy 

17° 

„ 23 

• 

1 

« 

>y 

17° 

» 18 

VI.—  „ 6. 

yy 

9-5° 

„ 25 

116 

Average  19*3  c.c.  = l*93  grms.  = 29'77  grains. 


Chloride  of  ammonium. — The  effect  on  frequency  was  a 
slight  increase  of  the  contraction  rate ; the  beats  were 
accelerated  on  an  average  in  the  proportion  of  from  three 
to  five,  three  being  the  original  frequency 

In  one  case  the  beats  became  slightly  slower  throughout 
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but  in  this,  as  in  all  the  others,  spontaneous  beats  of  good 
frequency  persisted  to  the  very  last,  i.c.  till  contractility 
disappeared. 

When  the  heart  had  been  arrested  and  single  induction 
shocks  caused  no  response,  continuous  faradisation  was 
equally  without  effect. 

This  salt  acts  powerfully  on  contractility,  the  beats 
growing  less  and  less  till  final  cessation  in  diastole. 

In  all  six  experiments,  • as  a first  effect  and  for  a short 
time  the  beats  increased  in  height  and  became  broader ; 
in  three  this  was  very  distinct,  i;i  the  other  three  it  was 
but  slight ; in  the  former  there  was  also  departure  from 
the  base  line,  showing  a certain  amount  of  persistent 
spasm. 

The  quantities  required  to  arrest  the  heart  were  : 


I.— 

Jan. 

16. 

Temp,  of  room 

17°  c. 

Quantity  2‘1 

II.— 

yy 

16. 

yy 

18-5° 

yy 

2-1 

III.— 

y> 

17. 

yy 

170 

yy 

2- 

IV.— 

y> 

17. 

yy 

16° 

yy 

1-8 

Y.'— 

yy 

18. 

yy 

00 

0 

yy 

1-8 

VI.— 

yy 

18. 

yy 

18° 

yy 

1-8 

11-6 

Average  1‘9  c.c.  = 0'19  grms.=^2'93  grains. 


Chloride  of  jpot as sium, — The  first  or  second  dose  always 
caused  slowing,  then,  in  five  out  of  the  six  cases,  the  beats 
again  became  more  frequent,  in  some  instances  beyond 
the  original  frequency ; then  the  beats  again  became 
slower  with  intervals,  now  amounting  sometimes  to  from 
three  to  four  minutes.  This  occurred  on  an  average  after 
0*5  c.c.  had  been  added.  After  as  much  as  O' 76  c.c.  = 1*17 
grains,  on  an  average,  had  been  added,  spontaneous  beats 
ceased,  though  contractions  could  still  be  excited  by  induc- 
tion shocks.  This  complete  inhibition  occurred  when  the 
beats  were  reduced  respectively  to  i,  |,  3,  §,  J of  their 
original  height. 

When  single  shocks  gave  no  result,  continuous  faradi- 
sation was  equally  without  effect. 
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Contractility  was  completely  destroyed  after  the  addi- 
tion of  the  following  doses  : 

I. — Jan.  12.  Temp,  of  room  17°  C.  Quantity  1*4  c.c. 


II.— 

M 

12. 

79 

17° 

99 

1-5 

III.— 

99 

13. 

99 

15-5° 

99 

1-8 

IV.— 

99 

13. 

99 

16-5° 

99 

1*7 

V.— 

79 

14. 

97 

19-5° 

99 

1-8 

VI.— 

99 

14. 

99 

18-5° 

99 

1-6 

9-8 

Average  1’6  c.c.  = 0*16  grms.  = 2*46  grains. 


In  respect  of  the  discussion  of  the  results  obtained,  it 
may  be  mentioned  that  this  discussion  has  assumed  the 
cardiac  muscular  tissue  to  possess  the  property  of  rhythmic 
contractility  apart  from  ganglionic  structures. 

Since  the  paper  was  written  Dr.  GaskelPs  paper,  read 
before  the  Royal  Society,  has  reopened  this  question. 
The  results  here  obtained,  however,  as  also  the  discussion 
of  these,  are  in  nowise  affected  by  this  question  as  to 
rhythmic  contractility  necessitating  two  structures,  nervous 
and  muscular,  or  but  one  structure,  viz.  muscular.  That 
which  is  alone  required  here  is  a rhythmically  contractile 
tissue  ; this  given,  we  here  show  that  the  action  of  drugs 
on  such  demonstrates  the  dissociation  of  that  which  under- 
lies contraction  rate  or  rhythm,^^  from  that  which 
underlies  contraction  heightJ^ 

The  actual  results  obtained  have  been  so  far  alone 
given  ; of  these,  certainly  the  most  striking  is  this — that 
given  a rhythmically  contracting  tissue,  the  action  of  a 
drug  on  this  may  show  itself  in  two  directions  : 

1st.  As  affecting  the  intervals  separating  successive 
beats. 

2nd.  As  affecting  the  actual  value  of  the  beats  them- 
selves. 

Thus  we  have  seen  drugs  affecting  the  frequency  or 
contraction  rate,  and  also  the  height  of  the  individual 
beats  (this  last  has  been  always  referred  to  as  the  action 
on  contractility).  The  stress  has  fallen  now  in  one  direc- 
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artificial  saline  solution  was  circulated  through  the  heart 
tied  on  to  the  perfusion  cannula  of  a Roy  apparatus  by  a 
ligature  placed  in  the  auriculo-ventricular  groove.  To 
this  solution  was  then  added  the  particular  drug  under 
experiment.  The  results  were  as  follows  : — Digitaline, 
strophanthus,  dyak,  scillitine,  convallamarin^  all  caused 
persistent  spasm  of  the  ventricle,  in  varying  degree  how- 
ever, digitaline  being  by  far  the  most  active  in  this  re- 
spect. The  experiments  on  barium  chloride  have  already 
been  given  elsewhere  Brit.  Med.  Journ.^  -^Gg.  11th, 
1883)  ; they  too  showed  persistent  spasm  as  the  result  of 
direct  action  of  the  drug  on  the  heart.  Similarly  experi- 
ments made  in  1882  with  the  hydrates  and  carbonates  of 
potassium  and  sodium/  showed  persistent  spasm  to  result 
from  direct  action  on  the  excised  ventricle,  with  the  notable 
exception,  however,  of  sodium  bicarbonate  which  is  there 
recorded  as  not  producing  persistent  spasm.  This  exception 
then  would  accord  with  the  results  obtained  for  the  vessels. 

In  the  last-mentioned  experiments  it  was  noted  that  the 
bicarbonate  of  potassium  caused  much  less  persistent  spasm 
of  the  ventricle  than  did  either  the  carbonate  or  hydrate. 
These  experiments  were  repeated  now  with  like  results. 
It  was,  however,  observed  in  addition  that  the  adding  of 
sodium  bicarbonate  to  a saline  solution  not  containing  a 
potassium  salt  (in  physiological  dose)  did  cause  persistent 
spasm.  This  at  first  led  us  astray,  showing  as  it  appeared 
to  do  a difference  in  the  action  of  the  sodium  bicarbonate 
on  heart  and  vessels.  When,  however,  we  made  the 
experiments  exactly  comparable  by  adding  a physiological 
quantity  of  a potassium  salt  to  the  pure  saline,  or  instead 
of  this  employed  saline  made  with  tap  water  in  place  of 
distilled  water  (the  former  containing  the  necessary  trace 
of  potassium  salt),  when  this  was  done  the  discrepancy 
disappeared,  and  the  heart  behaved  just  as  the  vessels  had 
done.  It  must  be  remembered  that  the  saline  fluid  employed 
to  circulate  through  the  vessels  was  made  with  tap  water. 

' * Practitioner/  Aug.,  1883,  “On  the  individuality  of  action  of  the 

component  parts  of  a drug.” 
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We  did  not  mention  aconitia  among  tlie  foregoing 
experiments  on  the  tortoise ; this  drug,  however,  was  tried 
with  the  result  of  apparently  causing  dilatation  of  the 
vessels.  When,  however,  tested  on  the  excised  frog’s 
heart  an  opposite  result  obtained,  viz.,  spasm  of  the  heart 
muscle.  We  suggest  that  the  following  may  possibly 
explain  this  seeming  contradiction;  the  heart  possesses  the 
property  of  rhythmic  contractility,  and  we  have  elsewhere 
shown  that,  where  there  is  a tendency  to  persistent  spasm 
of  the  ventricle,  the  rhythmic  contractions  accentuate 
their  spasm  or  appear  to  develop  it.  In  the  present 
experiments  on  the  heart  with  aconitia  the  spasm  was  in 
connection  with  rhythmic  contractions,  and  when  these 
were  prevented  as  by  ligaturing  the  ventricle  through  its 
upper  third,  the  spasm  did  not  develop.  Should  this 
explanation  be  the  true  one,  this  second  discrepancy  would 
be  apparent  only. 

Thus  far  we  have  seen  the  direct  action  on  the  vessels 
to  be  similar  to  that  on  the  heart ; there  yet  remains  for 
determination  the  question  as  to  whether  any  of  the  effect 
on  the  vessels  is  to  be  attributed  to  nervous  agency,  i.e., 
whether  in  addition  to  direct  action  on  the  vessels,  these 
may  be  influenced  reflexly  through  the  nervous  system. 
The  following  experiment  was  designed  to  answer  this 
The  cerebral  and  optic  lobes  were  destroyed,  care  being 
taken  to  ensure  there  being  the  entire  thickness  of  the 
cerebellum  between  the  surface  of  section  and  the  fourth 
ventricle.  We  may  thus  take  it  that  the  vaso-motor  centre 
was  uninjured.  From  the  brainless  tortoise  the  whole 
abdominal  shell  wall  was  then  removed,  and  the  peritoneum 
carefully  separated  up  from  the  shell  wall ; it  was  then 
opened  longitudinally,  the  descending  aorta  exposed, 
ligatured  proximally  and  a cannula  tied  in  distally.  The 
large  vein  running  up  in  front  of  the  lung  to  the  liver 
was  then  exposed  and  ligatured  proximally ; the  same  was 
done  for  the  two  large  veins  in  the  anterior  abdominal 
wall.  All  three  veins  were  then  opened  distally,  and  the 
saline  solution  started  as  for  the  previous  experiments. 
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By  the  means  adopted  a free  outlet  from  the  veins  was 
provided  for  the  inflowing  saline,  and  the  escaping  fluid 
could  be  caught  and  measured  as  in  the  foregoing  experi- 
ments. In  addition  to  this  the  vessels  through  which  the 
saline  was  flowing  were  under  central  nervous  control, 
since  the  spinal  cord,  including  the  medulla  with  its  vaso- 
motor centre,  was  intact.  The  poison  was  then  injected 
into  the  muscles  of  the  back  of  the  neck. 

Two  experiments  were  made  with  digitaline  ; of  these  the 
first  gave  purely  negative  results,  just  as  occurred  in  two 
out  of  the  three  experiments  made  after  the  same  method 
with  barium  chloride.  The  digitaline  when  injected  into 
the  muscles  remained  without  effect  on  the  saline  circula- 
tion, and  even  when  added  to  the  saline  solution  itself  it  failed 
to  produce  any  very  definite  effect.  The  second  experi- 
ment gave  similarly  a negative  result  for  the  injection  of 
the  poison  into  the  anterior  circulation,  but  on  adding  the 
drug  to  the  saline  circulation  the  tissues  at  once  reacted. 
We  record  the  details  of  this  experiment. 

June  27th. — Temperature  18°;  head  of  pressure  30 
centimetres,  maintained  constant  within  0*5  centimetre. 

Rate  of  outflow  per  flve  minutes  in  c.c. — 29,‘  29,  26,  29, 
30,  32,2  33^  33^  37^  42^  43^  43^8  43^  52^  50^  46^  55^  53/ 
43,  12,  2. 

^ Simple  saline  solution  (made  witli  tap  water),  0^6  per  cent.  ^ Digitaline, 
1 per  cent.  1 c.c.  injected  into  muscles  of  neck  in  0‘5  c.c.  doses.  The  ventri- 
cular contractions  seemed  to  increase  in  vigour,  but  the  diastoles  remained 
good,  or  even  more  complete.  Rhythm  somewhat  irregular.  ^ Digitaline,  1 
c.c.  injected  in  0*5  c.c.  doses,  as  above.  Both  diastole  and  systole  remained 
good.  * Digitaline,  1 c.c.  added  to  the  saline  circulation. 

The  brain  cavity  after  completion  of  the  experiment  was 
more  completely  opened  and  the  brain  found  to  have  been 
destroyed  at  the  level  of  the  posterior  part  of  the  optic 
lobes  ; cerebellum  apparently  intact. 

Assuming  the  poison  to  have  been  absorbed  then  it 
must  have  been  pumped  by  the  heart  to  the  vaso-motor 
centre,  yet  it  appears  to  have  been  unable  to  influence  the 
calibre  of  the  vessels  of  the  hinder  extremities,  which 
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latter  the  final  addition  of  digitaline  to  the  saline  circula- 
tion itself  proves  to  have  been  ready  to  respond. 

The  very  free  vascular  anastomosis  which  obtains  in  the 
tortoise  may  at  first  sight  appear  to  invalidate  the  experi- 
mentj  since  it  scarcely  allows  of  complete  isolation  of  the 
two  circulations.  This  objection  would  certainly  hold  had 
we  obtained  a positive  result^  i.e.  had  the  injection  of  the 
poison  into  the  anterior  circulation  caused  contraction  of 
the  vessels  of  the  posterior  circulation,  since  the  poison 
might  have  entered  the  latter  through  the  anastomosee  ; 
it  can,  however,  scarcely  stand  for  a negative  result. 

Finally,  there  remains  for  us  to  record  some  experiments 
made  on  warm-blooded  animals  with  digitaline.^  This 
drug  alone  was  selected  as  typical  of  the  group,  and  the 
warm-blooded  animals  were  experimented  on  in  order  to 
complete  the  series  and  bring  our  results  a step  nearer  to 
human  physiology. 

The  apparatus  we  employed  was  very  similar  to  that 
used  by  Glax  and  Klemensiewicz  in  their  experiments  on 
artificial  circulation.^  A large  air-chamber  in  connection 
with  a force-pump  allowed  us  to  get  up  pressure.  The 
efferent  tube  from  the  air  chamber  was  put  in  connection 
with  two  three-necked  Woolf  bottles  by  a T tube,  both 
arms  of  the  T tube  being  provided  with  clamps.  Into  each 
of  the  Woolf  bottles  a mercury  manometer  was  inserted, 
and,  finally,  from  the  third  neck  of  each  bottle  an  efferent 
tube  was  brought  into  connection  by  means  of  a T tube 
with  the  cannula  for  the  aorta.  Each  afferent  tube  was 
provided  with  a clamp.  Each  Woolf  bottle  was  of  large 
capacity  and  was  filled  with  the  saline  fluid  for  circulation. 
Both  stood  in  a large  water-bath,  which  was  maintained  at 
a constant  temperature  of  39°  to  40°  C.  The  use  of  the 
two  bottles  was  to  allow  of  the  filling  of  the  spent  bottle 
without  stopping  the  flow  or  altering  the  pressure.  And 

^ We  are  indebted  to  Professor  Schafer  for  having  kindly  performed  these 
experiments  for  us. 

^ * Beitrage  zur  Lehre  von  der  Entziindung.  Sitaungsberichte  der  Wiener 
Akademie/  Bd.  Ixxxiv,  Abth.  iii,  p.  216. 
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this  was  readily  managed  by  simply  clamping  off  the  tube 
leading  from  the  pressure  bottle  to  the  spent  Woolf  bottle 
and  opening  the  tube  leading  to  the  other,  and  similarly 
opening  the  efferent  tube  from  the  latter  and  closing  that 
from  the  spent  bottle.  By  keeping  a large  stock  supply 
of  the  artificial  circulating  fluid  also  immersed  in  the  bath 
we  were  able  to  replenish  the  bottles  whilst  maintaining 
the  temperature  of  this  fluid  nearly  constant.  We  will 
first  of  all  give  an  experiment  in  which  the  fluid  was  not 
poisoned,  the  saline  circulation  being  maintained  right 
through.  This  gave  us  our  control  experiment  and 
showed  us  the  limits  of  variation  independent  of  drug 
action. 

July  13th. — Temperature  of  room  23°  C. ; experiment 
on  a cat. 

Temperature  of  bath  39° — 40°  C. ; artificial  circulating 
fluid  = simple  tap  water  saline  0’6  per  cent.  + a physio- 
logical trace  of  potassium  chloride,  viz.  0*7  c.c.  of  a one 
per-cent,  solution  to  the  100  c.c.  saline.  Pressure  100 
mm.  Hg.  The  animal  was  chloroformed,  the  abdomen 
opened  by  an  incision  in  the  linea  alba,  the  inferior  cava 
and  descending  aorta  exposed  and  both  vessels  ligatured 
proximally.  Into  the  descending  aorta  the  afferent  can- 
nula was  then  inserted  distally  and  tied  in ; into  the  in- 
ferior cava  the  efferent  cannula  was  likewise  inserted  dis- 
tally and  tied  in.  The  experiment  was  then  started. 

During  the  whole  experiment  up  to  the  death  of  the 
animal  narcosis  was  maintained  so  that  the"  experiment 
was  painless. 

Rate  of  outflow  per  five  minutes  in  c.c. — 300,  240,  310, 
380/  415,  380,  335,  320,^  265, 1 55,  170,^  170,  190,  180,  200,'* 
175,  175,  150,^  130,  130,  120,"  115,  100,  85,’  75,  65,«  100,* 

120,  no. 

’ No  oedema  so  far.  * Animal  dying.  Doubtfully  slight  oedema  of  tissues. 

3 Animal  dead.  Distinct  oedema.  ^ (Edema  marked.  ® Leakage  from  the 
tissues  exposed  in  the  wound,  especially  from  the  surface  of  the  intestines. 
The  leakage  is  due  to  simple  sweating  through  the  tissues.  ® Skin  of  legs 
quite  tense  from  the  oedema.  7 gkiu  very  tense.  ® Free  incision  through 
skin  and  subcutaneous  tissue  of  one  leg.  ® Free  incision  into  other  leg. 
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The  experiment  teaches  several  things ; in  the  first 
place  the  rather  considerable  variations  in  the  rate  of  flow 
in  the  early  stages  before  the  change  was  in  any  particu- 
lar direction.  Then  with  oncoming  oedema  the  steady 
and  somewhat  rapid  fall  in  the  rate  of  flow  till  from  a 
rate  of  flow  of  from  300  c.c.  to  400  c.c.  per  five  minutes 
it  has  fallen  to  65  c.c.  in  the  five  minutes.  That  this 
effect  was  largely  the  result  of  the  oedema,  we  learn  not 
only  from  the  advance  of  the  two  ^ari  passu,  but  also  from 
the  effect  of  the  free  incisions,  which  lessening  tension  at 
once  allowed  a freer  circulation. 

The  figures  representing  the  rates  of  flow  subsequent 
to  the  incisions  are  certainly  lower  than  they  should  be, 
and  probably  decidedly  lower  since  from  the  large  sur- 
face of  the  incision  considerable  oozing  took  place  which 
in  part  would  represent  escape  through  some  of  the  smaller 
cut  vessels,  and  by  this  quantity  the  above  numbers  would 
be  deficient. 

To  contrast  with  this  we  give  the  following  experiment. 

July  9th. — Temperature  of  room  20°  0. ; experiment 
on  rabbit. 

The  same  apparatus  was  employed,  but  the  stock  supply 
of  saline  was  not  so  large  as  in  the  previous  experiment, 
and  the  through  flow  was  so  rapid  that,  though  the  bath 
was  maintained  at  a constant  temperature  of  about  40°  C., 
the  saline  supply  must  have  been  below  this  temperature, 
therefore  the  temperature  conditions  were  less  satisfac- 
tory. The  saline  was  of  the  same  composition  as  in  the 
previous  experiment,  the  pressure  in  the  manometer  was 
50  mm.  Hg. 

The  animal  was  kept  under  chloroform  throughout  the 
experiment. 

Rate  of  outflow  per  jive  minutes  in  c.c. — 178,  188,  174, 
270,  310,1  go^  14^2  8^  8,  9,  10,  11,  13,*  13,  14,  14, 

16,  16,  16,  19,  20,  16,  19,^  17,*  17,  14. 

> Digitaline  1 per  cent.,  1 c.c.  to  100  c.c.  saline.  ^ Unpoisoned  saline  re- 
substituted. ® Animal  dead.  Marked  oedema.  ® Incision  into  subcutaneous 
tissue  to  try  and  free  the  vessels. 
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Making  all  allowance  in  this  experiment  for  the  tem- 
perature not  being  quite  constant,  the  results  are  yet  too 
striking  to  admit  of  any  other  interpretation  than  that  the 
digitaline  did  act  directly  and  powerfully  on  the  vessels. 
If  the  numbers  be  compared  with  those  in  the  previous 
experiment  this  will  be  at  once  apparent.  It  will  be 
observed  that  the  resubstitution  of  saline  did  not  appre- 
ciably improve  the  circulation;  with  reference  to  this,  how- 
ever, it  must  be  remembered  that  the  rate  of  flow  at  the 
time  of  resubstitution  was  exceedingly  slow,  and  hence  it 
would  naturally  take  a long  time  to  wash  through  the 
vessels ; further,  that  in  the  later  stages  the  increasing 
oedema  was  an  obstacle  to  improvement,  and  Anally,  that 
the  tissues  of  warm-blooded  animals  are  much  more  delicate, 
and  hence  less  likely  to  recover  from  damage  done.  That 
the  incision  into  the  tissues  should  be  without  effect  will 
be  comprehensible  on  similar  grounds. 

Another  experiment  on  a cat  was  made  in  which,  after 
establishing  a saline  flow,  digitaline  was  injected  into  the 
subcutaneous  tissue,  of  the  anterior  or  heart  circulation. 
The  results  obtained  were  negative,  but  the  apparatus 
employed  was  rather  less  convenient  than  the  above 
described,  and  various  sources  of  fallacy  crept  in. 

Confining  our  attention,  however,  to  the  two  experiments 
just  described,  we  find  the  results  in  keeping  with  those 
already  obtained  with  cold-blooded  animals,  and  we  think 
the  present  series  of  experiments  establishes  tolerably 
definitely  the  direct  action  of  digitalis  and  the  group  of 
bodies  of  which  it  is  the  type  on  the  vessels. 

To  complete  the  argument  which  we  stated  at  the  com- 
mencement of  the  paper,  experiments  were  made  to 
ascertain  the  degree  of  poisonous  action  of  these  drugs  on 
the  skeletal  muscles.  Definite  quantities  of  the  drugs 
were  injected  beneath  the  skin  of  the  back  in  frogs,  and 
subsequently  to  systemic  death,  or  in  some  cases  even  before, 
the  muscles  tested  electrically  as  to  their  excitability. 

The  following  were  the  results  obtained  : 
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Digitaline,  1 per  cent,  solution. 


Weight  of  frog. 

Quantity  injected. 

Condition  of  muscular  irritability. 

34 

gms,  ... 

0 3 c.c. 

...  Systemic  death  in  3^  h. ; muscular  irri- 
tability gone  in  6 h. 

18-5 

99  • • • 

0-2  c.c. 

...  Muscular  irritability  gone  in  5 h.  30  m. 

31*5 

99  • • • 

0 2 c.c. 

...  Frog  quite  well  after  19  h. 

16-5 

99  • • • 

0*2  c.c. 

. . . Muscular  irritability  gone  in  4 h.  45  ni . 

11 

99 

0 2 c.c. 

...  Muscular  irritability  gone  in  3 h.  25  m. 

? 

99 

0*4  c.c. 

...  Systemic  death  in  1 h.  20  m.  j muscular 
irritability  fair  after  3 h.  25  m. 

Strophanthus.  The  crude  drug. 

25*5  gms.  ... 

0*2  c.c.  (2*5  %) 

...  Lost  in  2 h.  20  m. 

r 25*75  „ ... 

0*2  c.c.  (1  %) 

...  Lost  in  2 h.  40  m. 

14*75  „ ... 

0*2  c.c. 

...  Lost  in  2 h.  30 m. 

L 10*75  „ ... 

0*2  c.c. 

...  Lost  in  2 h.  40  m. 

f32  „ ... 

0*2  c.c.  (5  %) 

...  Lost  in  1 h.  10  m. 

12  „ ... 

0*2  c.c. 

...  Nearly  gone  in  1 h.  30  m. 

1 10*5  „ ... 

0*2  c.c. 

...  Nearly  gon^in  1 h.  30  m. 

1 ? „ ... 

0*4  c.c. 

...  Quite  gone  in  2 h.  45  m. 

Dyah.  The  crude  drug ; but  one  experiment. 

22  gms.  ...  0‘2  c.c.  (1  %)  ...  Lost  in  1 h.  20  m.  (Systemic  death 

in  50  m.) 


Scillitine, 


31  gms.  ... 

0*2  c.c. 

(1  %) 

...  No  effect;  frog  normal. 

38  ... 

0*3  c.c. 

99 

...  No  effect;  frog  normal. 

45  ... 

0*5  c.c. 

99 

...  Muscular  irritability  lost  in  6 h. 
Systemic  death  in  2 h. 

18*5  „ ... 

0*2  c.c. 

99 

...  Muscular  irritability  nearly  gone  after 
20  h. 

Barium  chloride. 

23  gms.  ...  0*5  c.c.  (10%  solution)  ...  Lost  in  3 h.  15  m. 

19- 75  , ...  0-3  c.c.  „ ...  Lost  in  3 h.  15  m. 

20*75  „ ...  0-2  c.c.  „ ...  Lost  in  3 h.  15  m. 

20- 75  „ ...  03  c.c.  „ ...  Still  slight  persistence  after 

3 hours  15  minutes. 
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Condition  of  muscular  irritability. 
The  frogs  developed  within  the 
first  few  hours  peculiar  stiff 
movements  and  the  cry-reflex 
described  by  Boehm ; from 
this  state  they  for  the  most 
part  recovered,  and  at  the 
end  of  24  hours  were  fairly 
normal. 

...  No  effect. 

Examining  tliese  results  wo  observe  in  the  first  place 
that  tbe  above  drugs  from  tbe  digitalis  group  are  all  notable 
Ijoisons  to  the  skeletal  muscles.  And  we  observe,  further, 
that  strophanthus  and  dyak  poisons  act  most  powerfully 
in  this  respect.  It  is  true  that  some  of  the  experiments 
with  strophanthus  were  with  2 ’5  per  cent,  and  5 per  cent, 
solutions  as  against  1 per  cent,  of  digitaline,  but  then  we 
must  bear  in  mind  that  of  the  former  we  were  employing 
the  crude  drug  as  against  the  active  principle  itself  in  the 
latter  case.  Hence  it  is  clear  that  both  of  these  drugs, 
strophanthus  and  dyak,  affect  more  powerfully  the  volun- 
tary muscles  than  does  digitaline.  If,  now,  we  refer  back 
to  their  action  on  the  heart  we  shall  find  that  whereas  the 
chief  feature  in  the  digitaline  action  is  the  contracture 
excited,  which  may  be  almost  complete  with  scarcely  any 
weakening  of  the  hearths  action,  in  the  case  both  of  stro- 
phanthus and  dyak  we  find  that  though  contracture  is 
well-marked  it  is  less  so  than  with  digitaline,  whilst  at 
the  same  time  there  is  more  decided  weakening  of  the 
individual  beats.  For  scillitine  the  results  are  less  decided; 
in  its  action  on  the  skeletal  muscles,  it  scarcely  exceeded 
digitaline  in  power,  whilst  on  the  heart  it  caused  less 
marked  contracture,  but  decided  weakening  of  the  indi- 
vidual beats. 

With  these  results  in  view  we  are  able  to  speak  less 
positively  as  to  the  possibility  of  inferring  from  the  action 
of  these  cardiac  drugs  on  the  heart  contractions  to  action 
on  the  skeletal  muscles  themselves.  To  determine  this 
point  a more  extended  range  of  experiments  will  be  needful. 


Weight  of  frog.  Quantity  injected. 

23  75  „ ...  1 c.c.  (1  % solution) 

24‘75  „ ...  0’5  c.c.  „ 

27'5  „ ...  0 5 c.c.  „ 

? ...  0 2 c.c.  „ 
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We  may  now  briefly  re-state  the  steps  of  the  argument 
and  sum  up  the  results  obtained. 

1.  Starting  from  the  systolic  digitalis  heart,  which  is 
admittedly  a result  of  direct  action  on  the  cardiac  muscle, 
we  have  found  : 

2.  That  for  the  other  members  of  the  digitalis  group 
here  examined  a like  direct  action  obtains. 

o.  We  have  suggested  that  this  local  action  on  the  heart, 
which  may  affect  either  the  whole  heart  or  a limited  por- 
tion, according  as  the  drug  comes  in  contact  with  the  whole 
heart  or  a limited  portion  of  the  heart,  that  this  action 
may  serve  as  the  definition  of  digitalis  action,  and  that 
such  definition  would  necessarily  enlarge  Schmiedeberg^s 
already  large  gronp. 

4.  Taking  this  as  the  definition  we  have  argued  there- 
from to  local  action  on  the  vessels,  and  have  found  experi- 
mentally such  to  hold — the  digitalis  group  causing  persis- 
tent spasm  of  the  arterioles. 

5.  We  have  endeavoured  to  ascertain  if  the  calibre  of 
the  vessels  may  be  influenced  by  these  drugs  indirectly 
through  the  nervous  system,  and,  so  far  as  our  experiments 
go,  have  been  answered  in  the  negative. 

6.  Finally,  we  have  found  by  experiment  that  the  drugs 
digitaline,  strophanthus,  dyak,  scillitine,  and  barium 
chloride,  are  markedly  poisonous  to  the  skeletal  muscles. 

The  results  require  some  criticism.  In  the  first  place, 
we  note  that  the  definition  adopted  admits  into  the  group 
such  bodies  as  the  caustic  alkalies,  barium  salts,  &c.  The 
former  certainly  do  not  rank  with  us  clinically  as  digitalis- 
like drugs.  But  it  is  obvious  that  clinical  use  is  practical 
use.  And  that  it  must  very  extensively  weed  this  large 
scientific  group,  for  it  is  at  once  clear  that  it  is  practically 
impossible  for  us  to  give  alkalies  to  the  extent  of  alkali- 
sing the  system  to  the  degree  requisite  to  bring  out  the 
digitalis-like  action.  Hence  the  alkalies  would  be  ex- 
cluded from  the  clinical  group.  It  is  very  possible  that 
for  similar  reasons  the  barium  salt  may  prove  impractic- 
able, and  that  the  gastro-intestinal  irritation  (vomiting 
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and  purging)  excited  by  the  drug,  may  not  allow  of  its 
being  given  in  dose  sufficient  to  bring  out  the  cardiac 
and  vascular  effects.  This  point,  however,  will  have  to 
be  determined  by  experience.  The  like  may  obtain 
for  many  other  drugs  yet  to  be  included  in  the  digitalis 
group  as  above  defined,  for  clinical  value  is  a question  of 
fitness,  and  results  from  the  fact  that  the  body  is  an  assem- 
blage of  organs,  and  that  the  action  of  a drug  in  many 
cases  is  simultaneously  on  several  of  these ; hence  whilst 
its  action  on  one  organ  would  qualify  it  for  clinical  use,  by 
its  action  on  another  organ  it  disqualifies  itself. 

One  other  point  we  would  wish  to  touch  upon,  viz.  the 
question  of  the  rise  of  pressure  and  its  dependence  on 
cardiac  action.  According  to  Schmiedeberg  the  blood- 
pressure  rise  is  due  solely  to  increased  cardiac  action. 

It  bas  been  shown,^^  says  Schmiedeberg,  to  be  not 
attended  by  diminution  in  the  calibre  of  the  vessels."’^* 
In  view  of  our  own  experiments  and  also  of  those  by 
Donaldson  and  Stevens,  the  results  of  which  have  been 
recently  published^  (subsequently,  however,  to  the  comple- 
tion of  our  own  experiments  both  on  barium  chloride  and 
on  the  digitalis  group),  we  can  hardly  accept  this  state- 
ment and  hold  that  part  at  any  rate  of  the  pressure  rise 
must  be  attributed  to  narrowing  of  the  calibre  of  the 
arterioles.  This  interpretation  indeed  appears  to  us  much 
more  in  consonance  with  the  data  which  Schmiedeberg 
himself  furnishes  us  with,  for  in  the  above  paper  he  gives 
rise  of  blood-pressure  as  continuing  through  the  first  stage 
in  which  there  is  as  a rule  slowed  pulse-rate,  through  the 
second  stage  in  which  there  is  increased  pulse  frequence, 
and  through  the  third  stage  in  which  there  is  great  irre- 
gularity in  the  heart’s  action  ; in  the  fourth  stage,  however, 
with  systolic  arrest  there  is  rapid  fall  in  blood-pressure. 
Here  we  see  increased  blood-pressure  obtaining  with  most 
varied  heart  action,  and  we  can  scarcely  imagine  that  in 
the  third  stage  the  cardiac  action  can  be  effective  in  main- 
^ Op.  cit. 

^ ‘ Journal  of  Physiology,’  vol.  iv,  pp.  165,  et  seq. 
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taining  the  increased  tension.  Arguing  from  this  we 
should  rather  be  tempted  to  exclude  the  heart  and  refer  all 
to  the  vessels  ; a conclusion,  however,  which  we  think  would 
necessarily  be  faulty,  for  is  not  the  question  one  of  action 
and  reaction — the  heart  acts  on  the  arterioles  which  again 
react  on  the  heart  ? It  is  quite  clear  that  without  a peri- 
pheral resistance  you  could  never  whip  up  blood-pressure 
just  as  clearly  as  that  with  no  matter  how  great  a peri- 
pheral resistance  (provided  there  were  still  means  of  out- 
flow, i.e.  that  the  obstruction  were  not  complete)  raised 
blood-pressure  could  never  be  maintained  with  a failing 
heart.  Donaldson  and  Stevens  more  especially  deal  with 
the  question  of  the  work  of  the  heart,  though  they  also  take 
up  the  question  of  the  condition  of  the  blood-vessels  ; these 
latter  results  being  similar  to  our  own.  As  to  the  work 
of  the  heart  they  find  it  diminished.  We  would,  however, 
suggest  that  it  is  possible  this  resulted  from  their  having 
pushed  the  drug  too  far,  for  in  their  experiments  on  the 
terrapin,  where  they  record  lowered  work  and  also  the 
condition  of  the  heart,  we  note  of  this  latter  that  it  is 
very  markedly  affected ; thus,  the  ventricle  is  either  dis- 
tinctly shrunken,  or  there  is  marked  irregularity  in  its 
action,  or  dicrotism,  or  many  auricular  beats  to  one 
ventricular.  In  this  stage  we  should  scarcely  look  for 
increased  work  of  the  heart,  but  should  feel  rather  that  we 
were  bordering  on  stage  4 of  Schmiedeberg  with  fall  in 
blood-pressure. 
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